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Abstract

Context: The Jetted Narrow Line Seyfert 1 galaxy, 1H 0323+342, is an interesting source within

the domain of Active Galactic Nuclei (AGN), thanks to its low redshift, z=0.063. This thesis

embarks on an extensive exploration of the properties of 1H 0323+342 through the analysis of

a dataset spanning from 2006 to 2023, comprehensive of 170 Swift observations in the optical,

ultraviolet and x-ray bands, combined with 78 Fermi LAT observations.

Purpose: The primary aim of this research is to understand the interplay between the relativistic

jet, the hot corona and the accretion disk around a supermassive black hole, by interpreting

x-ray spectral parameters such as the variation of Ćux and photon index. By searching for

correlations with observed features in optical, ultraviolet and gamma-ray bands, I aspire to

understand the interacting regions that dominate in the innermost regions of this AGN.

Methods: I performed a spectral analysis of 170 Swift X-Ray Telescope (XRT) observations.

Spectral Ątting provided the main parameters such as the Photon Index, Γ, and the Ćux values

in the 0.3-10.0 keV energy range. For each XRT observation I collected the optical and ultravio-

let counterparts and from the magnitudes I obtained Ćuxes values and then the spectral indices.

Additionally, my research extends to the Fermi Large Area Telescope (LAT) lightcurves, af-

fording a supportive assessment of multi-wavelength variability in 1H 0323+342.

Results: On the photon index-Ćux graph I identiĄed three zones which represent three different

stages of the jet-corona-disk interaction. I emphasize that the third zone, having lower Ćux and

a steeper proĄle, is dominated by recent data, suggesting that jet emission has decreased during

the latest observations. The hypothesis is supported from the available Fermi LAT data, while

the parameters obtained from UVOT observations make us reject the scenario of a decrease in

the accretion rate.

Conclusion: The thesis suggests two hypothetical explanations to explain the observations: the

Blandford-Znajek theory revisited, and a disk instability scenario. The research provides valu-

able insights into the intricate mechanisms of disk-corona-jet interactions in AGN, particularly

jetted Narrow Line Seyfert 1 galaxies. The study emphasizes the need for multiwavelength tech-

niques and approaches in understanding the "short"-scale variations and their origins, providing

a foundation for future investigations in the Ąeld of AGN research.
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Introduction

The name "black holes" deĄnes non-luminous objects. However, their looming

shadow permeates a gigantic portion of our Universe: their enormous gravity

keeps stars with their planets trapped in orbit, and then, eventually consumes

them.

The extremely massive black holes are believed to disrupt the environment of

galactic central regions with such violent interactions that are hard to imagine.

Sometimes their behaviour is even dominating the energy emission of an entire

galaxy. It is the case of Active Galactic Nuclei.

All the information provided below is obtained from summarizing and revising

relevant books and articles such as: Peterson (1997), Rybicki and Lightman

(1979), Foschini et al. (2019), Antonucci (1993).

Active Galactic Nuclei (AGN) stand as some of the most enigmatic and dynamic

objects in the universe. These cosmic powerhouses, residing at the centers of

galaxies, exhibit a diverse assembling of behaviors and emissions that challenge

our understanding of astrophysical processes.

At their heart lies a supermassive black hole (SMBH) surrounded by a complex

structure encompassing an accretion disk, a hot electron corona, a broad-line

region (BLR), a dusty torus, and more externally a narrow-line region (NLR).

Some AGN were also found to eject collimated plasma at relativistic speeds.

The intense radiation emitted by AGN spans the entire electromagnetic spec-

trum, from radio waves to gamma-rays, making them a subject of profound
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Introduction

interest and extensive study.

Initially, their distinctiveness was marked by extremely broad emission lines,

indicative of a high-speed rotating gas, then found to be related to accretion

onto these massive black holes. These anomalous characteristics were useful to

provide a Ąrst distinction among these sources:

• Type 1 AGN: Exhibiting both broad and narrow emission lines, as a

proxy of a direct view of the inner regions.

• Type 2 AGN: Exhibiting only narrow emission lines as a consequence of

the supposed obscuration of the inner regions.

After improvements in radio observations, an AGN classiĄcation based on their

emission in the radio band could be provided:

• Radio-Quiet AGN: Exhibiting no signiĄcant radio emission compared

to the B band. Seyfert galaxies traditionally belong to this cathegory.

• Radio-Loud AGN: Exhibiting high radio emission compared to the B

band. Quasars and BL Lac objects belong to this cathegory.

However, during the latest decades, the improvement of instruments sensitivi-

ties and surveys made it possible to detect radio and high-energy gamma-ray

emission also from Seyfert galaxies, with particular reference to Narrow-Line

Seyfert 1 galaxies.

It represented an exceptionally meaningful discovery as NLS1 galaxies tradi-

tionally belonged to the radio-quiet category, even though they still exhibited

unique characteristics.

Since the detection of powerful relativistic jets similar to those found in blazars,

we can say that these jetted NLS1 show a dual nature combining the features

of Seyfert galaxies and radio-loud AGN and this makes them an interesting and
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Introduction

fascinating target to study.

The source I present, 1H 0323+342, is the closest γ-Narrow Line Seyfert 1

Galaxy at a redshift of z=0.063. The aim of the present work is to obtain

deeper insights about its central engine, its surroundings and especially its jet

emission mechanism and how it is related to the other internal components.

This thesis focuses on X-ray spectral data obtained from Neil Gehrels Swift Ob-

servatory, taken by X-ray Telescope XRT, including 170 observations spanning

from 2006 to 2023.

In a Seyfert galaxy, the X-ray emission is thought to be the result of the Comp-

ton upscattering of the UV photons of the accretion disk from the hot electrons

of the surrounding corona. However, after the detection of strong radio and

gamma-ray emission, the existence of a powerful relativistic jet was evident.

Therefore, I would like to investigate the interplay between the accretion disk

and the jet by analysing optical-to-gamma ray data from Swift and Fermi sur-

veys.

The study reveals a classiĄcation of observations into three zones that show

different Ćuxes and photon index values from one another. We do not Ąnd

signiĄcant correlations between decreased X-ray and UV Ćux values, as UVOT

Ćuxes tend to remain constant overtime. We only observe a spectral softening

in all bands over the last observations.

70 additional Light Curves collected from Fermi LAT from 2008 to 2023 were

ultimately analysed, obtaining photon index and Ćux data. Results show corre-

spondence between high Ćux values in both X-ray and gamma-ray bands during

speciĄc time intervals. However the latest data were not sufficient to compare

them precisely with the X-ray observations that showed a decreasing Ćux.

3



Introduction

This dissertation is structured mainly in Ąve chapters: the Ąrst two will provide

an overview of Active Galactic Nuclei and our current understanding on their

structure, their spectral classiĄcation, and AGN subclasses. I will focus on

the case of 1H 0323+342, summarizing the acquired knowledge from previous

literature. The third chapter will be dedicated to the instruments used, such as

the Swift Satellite and Fermi Satellite, and I will provide insights into the X-ray

telescope XRT and Optical/Ultraviolet telescope UVOT. From chapter four all

the data analysis is explained: I will describe in detail the data processing and

analysis methods applied to 1H 0323+342 observations. Results are presented

in the last chapters, discussing the jet emission mechanism through correlations

across different observation bands and investigating the apparently ceased jet

emission in the last years. The conclusion summarizes the key Ąndings of the

study, while in the bibliography I list all the relevant articles that contributed

to this research.
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2. Active Galactic Nuclei

2.1 AGN: from observations to models

The universe is Ąlled with immensely energetic entities and occurrences, among

which Active Galactic Nuclei (AGN) stand out as some of the brightest and

most powerful persistent sources of electromagnetic radiation. These remark-

able phenomena are located at the cores of what are known as active galaxies,

deriving their energy from large-scale accretion of matter onto supermassive

black holes (SMBH).

One of the fascinating features characterizing these objects is their emission,

spanning the entire electromagnetic spectrum. But how can we distinguish

properly these powerful sources from regular galaxies or distant stars?

Some of the characteristics, that may also not necessarily be all present, suf-

Ącient for deĄning a galaxy as an AGN from an optical perspective are the

following:

• A compact nuclear region, brighter than the corresponding region in galax-

ies of the same Hubble type.

• Nuclear emission in the continuum, which can be either thermal or non-

thermal, across the electromagnetic spectrum or a portion of it.

• High-excitation, broad (FWHM>1000 km/s) emission lines, generated by

a central thermal ionizing source.

• Correlated variability of emission lines and continuum.

5



Active Galactic Nuclei

Figure 1: Galaxy NGC 1448 with Active Galactic Nucleus
Credits: Carnegie-Irvine Galaxy Survey/NASA/JPL-Caltech

The journey towards the comprehension of AGN started with the early obser-

vations of emission lines within galactic nuclei, pioneered by Carl Seyfert in

the 1940s (Seyfert, 1943). He observed high-excitation nuclear emission lines

superimposed on a normal star-like spectrum in six galaxies. Some of these

galaxies displayed broad emission lines, while others only had narrow ones. At

the time, it was unclear what caused this large broadening in emission lines,

and some suggested it could have been due to a large number of stars.

In the early 1950s, the discovery of a large amount of radio sources carved the

way for renewed focus on AGN. These sources showed in the radio band one

or two lobes that could reach a size even bigger than the host galaxy. These

lobes were subsequently considered linked to jets: speciĄcally, they were found

to generate from the jet interaction with the interstellar medium.
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The origin of these jet emissions is still uncertain nowadays. However, they

seem to originate from synchrotron radiation of relativistic electrons spiralizing

around the magnetic Ąeld lines.

The journey towards the carachterization of AGN continues with relevant ad-

vancement in the following decades. Around the 1960s we note the identiĄca-

tion of quasi-stellar radio sources, or quasars, by astronomers such as Schmidt

(1963), Sandage (1969).

Further investigation led to a tremendously important revelation: as the con-

centration of emission within the central 100 parsecs of these galaxies would

require a mass of several million solar masses, there had to be a supermassive

object residing in the center of these galaxies, speciĄcally a Super Massive Black

Hole.

The fundamental energy source driving AGN was understood to be accretion

onto a sorrounding gas disk and the presence of broad emission lines with ve-

locities exceeding 1000 km/s was supposed to be due to the fast rotation of the

gas around the supermassive central object.

Atoms emitting radiation have a distribution of velocities, therefore each photon

emitted will be red or blue-shifted by the Doppler effect depending on the

velocity of the atom relative to the observer. Hot regions are linked to wide

velocity distributions and broad lines that are observed in the optical bands.

AGN also exhibited narrow, non-variable forbidden and permitted emission

lines which were relative to galactic nebulae located at larger radii from the

central engine.

Another typical feature among AGN was the distinctive blue continuum spec-

trum, differing from typical galaxies. This "big blue bump" in their spectra
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represented an additional hint at the presence of an emitting Accretion Disk.

Additionally infrared emission was detected, and it could be explained with

the presence of a thermal secondary emission generated from dust located at a

distance within a few parsecs from the central BH. Dust particles are heated

from AGN nuclear radiation and re-emit in the infrared band.

Thanks to multi-wavelength studies, a broad diversity in the types of AGN was

identiĄed.

A Ąrst classiĄcation system based on broad and narrow emission line char-

acteristics in AGN optical spectra was introduced in 1978 (Khachikian and

Weedman, 1974,Osterbrock, 1978).

In this classiĄcation system we observe:

• Type 1 AGN: Exhibiting both broad and narrow emission lines in their

optical spectra.

• Type 2 AGN: Exhibiting only narrow emission lines.

A question was raised of whether the diversity of AGN classes could be at-

tributed to an observational viewing angle effect.

A major observational breakthrough came with spectropolarimetric measure-

ments made of the Seyfert galaxy NGC 1068 (Antonucci and Miller, 1985),

which revealed a Type 1 optical spectrum in polarized light, despite the AGN

being classiĄed as a prototypical Type 2 AGN. Such an observation was inter-

preted in terms of a BLR and a central continuum source that was obscured

from the observer by a dusty torus surrounding the SMBH outside the BLR.

The BLR emission was reĆected and scattered into the observerŠs line of sight by

material located in the inner areas of the torus, thereby polarizing the photons.

The basic uniĄed model accounts for the narrow emission lines observed in
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Figure 2: Type 1 and 2 AGN as viewed from different angles
Credits: ESA

both Type 1 and 2 AGN and the absence of broad emission lines in the optical

spectra of Type 2 AGN since the BLR is obscured by the torus in Type 2 AGN

which are typically viewed at edge-on inclinations. In Type 1 AGN, the torus

is viewed at face-on angles with a direct, unobscured view of the BLR.

X-ray observations of AGN were also been applied to address issues of funda-

mental black hole physics. The shapes of line proĄles have been compared to

models which in principle allow one to infer the BH intrinsic angular momen-

tum or spin, an important parameter related to the accretion rate (Brenneman

and Reynolds, 2009).

The basic idea is that the asymmetry of a line proĄle, usually the Fe Kα one

at 6.4 keV, produced in the inner AGN accretion disk, depends in a predictable

manner on the shape of the gravitational potential, which in turn depends on

the black hole spin.

Other questions were addressed, since the intense emission in the X-ray band

could not be justiĄed only by the presence of an Accretion Disk. Accretion
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Disks usually do not exceed a temperature of 105 − 106 K, therefore another

additional hot component is needed in order to generate X-ray photons. The

observed spectrum is characteristic of an inverse compton scattering radiation,

where soft photons are up scattered from hot electrons.

Combining the results of several years of multiwavelength studies, the formalism

for the basic uniĄed model of AGN was proposed (Antonucci, 1993).

According to this model, the differences between observational classes of AGN

are attributed to an orientation effect where the SMBH and torus are viewed at

different angles along the observerŠs line of sight. Within this classical uniĄed

model, there are several key components of an AGN, described as follows:

• Super Massive Black Hole (SMBH)

• Accretion Disk (AD)

• Hot Corona

• Broad Line Region (BLR)

• Dusty Torus

• Narrow Line Region (NLR)

Some classes of AGN also exhibited presence of jet emission, detected by radio

and gamma observations.

2.1.1 Structure of AGNs

2.1.1.1 SMBH

Located at the centre of the AGN there is a Super Massive Black Hole, whose

mass ranges from 106 to 1010 M⊙, actively accreting matter from gas and plasma

surrounding it, thanks to its gravitational Ąeld.
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SMBH are characterized mainly by their spin and especially their mass, MBH

which characterize their gravitational radius Rg, corresponding to the black

hole event horizon. It ranges in size from 10−7 pc for a 106 M⊙ black hole, to

10−3 pc for a 1010 M⊙ black hole. If the black hole is rotating, as it is usually

found from observations, it is deĄned as:

Rg =
GMBH

c2
(2.1)

This radius is useful to deĄne distances especially in the central regions of AGN.

2.1.1.2 Accretion disk

Accretion Disks are structures formed from material rotating in the vicinity of

a compact object. In the case we treat here we will refer only to SMBH.

The material getting closer to the SMBH is forced to spin in the objectŠs plane of

rotation. Matter loses angular momentum as it spirals inwards and is accreted

onto the SMBH, resulting in gravitational energy being converted to thermal

blackbody radiation. It is primarily observed in the optical or UV spectrum

with temperatures ranging between 104 and 105 K.

According to the most common model it is generally treated as a geometrically

thin, optically thick structure (Shakura and Sunyaev, 1973).

The energy release in thin accretion disks is determined by the loss of gravi-

tational energy of the inward going material and the work done by the torque

that results in outward loss of angular momentum. In terms of the luminosity

L, if we combine the two contributions and differentiate with respect to r, the

distance from the central source, we obtain an expression for the energy release
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Figure 3: Two Models of Black Hole Spin Artist Concept
Credits: NASA/JPL-Caltech

at various radii:

dL

dr
=

3GṀM

2 r2



1 −
rin

r



(2.2)

where the second term on the right takes into account the innermost radius of

the disk, rin and Ṁ indicates the mass accretion rate.

Simple integration over parts of the disk far from its center shows that the

luminosity as a function of distance, Lr, grows as the accretion rate grows:

Lr ∝ GṀM
r

.

The total radiated power, obtained by integrating over the entire disk, in the
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non-relativistic limit, is

L =
1

2

GṀM

rin

(2.3)

This is half the total available power meaning that, neglecting relativistic cor-

rections, the matter at rin still retains a kinetic energy which is half the potential

energy it has lost.

The accretion disk thermal radiation can be observed across a broad range of

wavelengths with the peak depending on the mass of the black hole and the

accretion rate.

The accretion rate of the central engine is usually measured in comparison to

its limit value, called Eddington Limit: the maximum luminosity value coming

from accretion of matter onto a spherical body in hydrostatic equilibrium. This

value is reached when the radiation pressure generated from the dynamics in

the inner accretion disk equals the gravitational attraction exerted by the cen-

tral engine. Beyond this luminosity, radiation pressure will overcome gravity,

and material outside the object will be forced away from it rather than falling

inwards.

If we express the luminosity in terms of the accretion rate Ṁ and we call ϵ the

fraction of Gravitational Potential Energy that is radiated away:

L = ϵṀc2 (2.4)

The radiation pressure Prad generated from accretion mechanisms is given from
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the formula:

Prad =
L

c4πr2
(2.5)

And since a pressure is a force per unit surface, we can express the force gen-

erated from radiation pressure FR as:

FR = Prad

σT

mp

Ṁ (2.6)

Here the fraction σT

mp

is the cross-sectional area per unit mass for radiation

scattering, where speciĄcally σT is the Thomson cross-section and mp is the

proton mass.

The expression for the Eddington Accretion Rate comes out from equating

the radiation pressure force with the gravitational force, namely, the condition

deĄning the Eddington limit. After some substitutions we obtain:

ϵcσTṀ2
Edd

4πr2mp

=
GṀEddM

r2
(2.7)

ṀEdd =
4πMmp

ϵcσT

(2.8)

with M mass of the central Black Hole and Ṁ the mass accretion rate.

Different types of AGN have shown to accrete at different rates compared to the
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Eddington Limit and this feature was linked to differences in the sorrounding

environment and evolutions in the disk structure.

As the orbiting material approaches the inner regions, however, other mecha-

nisms will be taken into account: electron scattering and comptonization.

The spectral emission from the inner regions will therefore have three source

models that contribute to the total energy, arising from the occurring processes:

a modiĄed blackbody (electron scattering) and a powerlaw model (comptoniza-

tion) in addition to the thermal blackbody, with the powerlaw dominating at

high temperatures (Wandel and Petrosian, 1988).

Powerlaw emission follows the distribution:

Fν ∝ ν−α (2.9)

with F being the Ćux value, ν the frequency at which we observe the emission

and α the so-called spectral index. It can be evaluated as follows:

α12 =
− log S1

S2

log ν1

ν2

(2.10)

In this formula, S stands for Ćux density and νi are the frequencies in band 1

and 2. 1 and 2 are general indices that indicate the frequency interval within

which we calculate the slope.

It is relevant to note that the thin disk model does not explain properly every

feature that was observed within AGN accretion disks. Other models were then

proposed, for example Advection Dominated Accretion Flows (ADAF) disks,
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where a large fraction of the released energy is stored in the gas and advected

into the black hole instead of being radiated away. Advective disks are therefore

geometrically thick.

An additional model was introduced to explain the X-ray emission observed

from AGN accretion Ćows: the corona-disk model which fulĄlls the required

presence of emitters other than the accretion disc described previously.

It adds a X-ray radiating structure positioned above the black hole, called

corona. The name is given in analogy to solar and stellar coronae: optically

thin hot structures, hotter than the underlying photosphere.

2.1.1.3 Corona

The hypothesis suggesting the presence of a hot corona responsible of the X-ray

emission linked to a relatively cold accretion disk was presented a long time ago

(Bisnovatyi-Kogan and Blinnikov, 1977).

The corona is supposed to generate and power the luminous X-ray continuum

emission that we observe. The most common models describe it as a hot cloud of

plasma located close to the inner part of the accretion disk. Within the corona,

electrons Compton-upscatter optical and UV photons from the accretion disk

to X-ray energies (Rybicki and Lightman, 1979).

The resulting emission from the corona is therefore well described by the dis-

tribution of the electrons in the plasma. A power law model with N(E) ∝ E−Γ

is thus appropriate. Here N stands for the electrons number density and E is

their energy.

The X-ray photon index Γ, in the energy band 0.2-10 keV, is usually in the range

1.5−2.5 (Nandra and Pounds, 1994, Reeves and Turner, 2000, Piconcelli et al.,

2005) and the Γ value for unsaturated Comptonization is 1.9. Some sources will
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show lower or higher Γs, which are believed to depend on the coronal electron

temperature kTe and the optical depth τ .

While many of the properties of the corona remain a mystery, it has been

established to be a compact structure. The observed rapid variability of the

2Ű10 keV X-ray emission seen in many AGN, combined with X-ray spectral

timing strongly indicate that the corona is physically compact, of the order

3Ű10 Rg in radius and height above the SMBH (De Marco et al., 2011, Kara

et al., 2013, Fabian et al., 2015).

In addition to being physically small, the corona can also be radiatively com-

pact, meaning that interactions involving signiĄcant energy exchange between

particles and photons are occurring within the source, leading to a large ratio

of coronal luminosity to radius (Fabian et al., 2015).

We underline another interesting feature of the coronal emission processes: as

the density of high-energy photons is increased, photon-photon collisions can

lead to electron-positron pair production. Increasing energy supplied to the

corona thus has the effect of producing more particle pairs to share the available

energy. In this way, pair production can become a runaway process that exceeds

particle annihilation, thereby limiting any further rise in the temperature of the

corona.

According to the current most popular theory (Haardt and Maraschi, 1993),

the X-rays are produced via Inverse Compton (IC) emission in a hot corona

embedding a colder accretion disk. Soft thermal photons emitted by the cold

layer provide the main source of cooling for the hot electrons in the corona. At

the same time, about half of the high-energy photons produced in the corona

are able to heat the underlying dense layers. The energy coupling between the

disk and the corona forces the electron temperature to adjust to maintain com-
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Figure 4: Cartoon of Disk Corona Model
Bambi, 2023

parable luminosities in the soft and hard components of the emitted radiation,

independently of the optical depth of the scattering medium. The total emitted

spectra consist of the intrinsic IC emission from the hot layer, plus the thermal

Ćux and a reĆected component from the cold disk.

However, there is a longstanding problem of how energy is supplied to heat the

corona, since sources generally have a cooling timescale that is shorter than the

light crossing timescale.

A possible explanation could be that the corona is powered by reconnecting

magnetic Ąeld loops originating from the strong differential rotation of the ac-

cretion disk (Galeev et al., 1979). This implies that the corona is coupled to

the disk by the magnetic Ąeld and the two are in persistent interaction.

2.1.1.4 Broad Line Region

Moving further from the compact object, a region of high velocity and high

temperature gas clouds is located surrounding the innermost regions of the
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AGN.

These gas clouds intercept a small percentage of the ionizing radiation, about

10%, and emit it again in the form of lines. Doppler shifts broaden the observed

lines and this is why this region is called Broad Line Region.

The widths of the lines are used to infer the velocity of the rotating gas and

therefore also the mass of the SMBH, through reverberation mapping. This

method assumes that the dynamics of the gas in the BLR is dominated by

gravitational forces and therefore enables to evaluate the black hole mass. It

is indeed a function of the radial distance of the BLR gas from the continuum

emitting source in the center, the velocity dispersion of the gas v, and a scaling

factor f that depends on the still mostly unknown dynamics and geometry of

the BLR.

The BLR radius that is used to infer the mass value can be directly measured

through this reverberation mapping technique that determines the light-travel

time-delayed lag tLAG that the Ćux of the BLR takes to responds to variations

in the ionizing continuum Ćux.

Applying virial theorem, the SMBH mass can be inferred:

GMBH

f rBLR

= v2 (2.11)

MBH =
v2frBLR

G
(2.12)

Reverberation mapping is an extremely useful technique to measure the black

hole mass as it does not require spatial resolution.
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2.1.1.5 Dusty Torus

At a distance enclosed within 105 Rg, a geometrically and optically thick dust

emitting region, called dusty torus, is located around the central engine.

The inner radius of this dust region corresponds to the dust sublimation radius,

while the outer radius is bound by the gravitational sphere of inĆuence from

the SMBH. It is mostly believed that this dusty region can obscure some direct

observations of the optical and UV emissions depending on orientation of the

AGN with respect to the observer.

There is a contemporary debate whether the torus can be properly described by

smooth and homogeneous distribution models or if it is distributed in clumps.

In order to estimate the dust distribution within the AGN, IR and near-IR

interferometry are essential tools.

2.1.1.6 Narrow Line Region

After about 106 Rg we can Ąnd another region with less dense clouds moving

less rapidly with respect to the Broad Line Region. This area is called Narrow

Line Region (NLR). It has a biconical structure extending beyond the torus.

As this gas is still ionized from the radiation coming from the center, emission

lines in the optical spectra are detected. These lines are narrower than the ones

produced in the BLR, due to slower velocities of the gas that forms this region.

Another important feature is the presence of forbidden narrow emission lines:

since the gas there is less dense, the collisional timescales can be longer than

forbidden decay timescales, allowing forbidden lines to appear.

Narrow emission lines are observed in both Type 1 and 2 AGN while the broad

emission lines are observed exclusively in Type 1 AGN; we therefore assume,

according to the basic uniĄed model, that the BLR is obscured by the torus in
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Type 2 AGN and only the NLR is observed in these cases.

2.1.1.7 Jets

About 14% of Active Galactic Nuclei exhibit extreme features of plasma expul-

sion in the form of collimated jets, typically following the direction of the rota-

tional axis of a spinning black hole. These jets, consisting of material moving

at relativistic speeds, can extend over vast distances, ranging from kiloparsecs

to megaparsecs from the central engine. Radio telescopes have been crucial

instruments in detecting the resulting morphological features, such as extended

lobes and hotspots, that arise from the interaction between these jets and their

surrounding medium (Padovani, 1997).

Understanding the origin of these relativistic jets remains an ongoing chal-

lenge in astrophysics. Today, the prevailing theory for jet formation regards

the Blandford-Znajek mechanism, which requires a spinning black hole to ex-

tract energy from it. This process relies on the dragging of magnetic Ąelds by

the black hole spin and the subsequent launch of relativistic material through

magnetic Ąeld line reconĄguration (Blandford and Znajek, 1977).

The emission produced in the jets is believed to derive from synchrotron radi-

ation spanning the frequency ranges from radio to X-rays. This emission arises

when the charged relativistic particles are accelerated: spiralizing around the

magnetic Ąeld they are subject to an acceleration perpendicular to their velocity

and photon emission occurs (Falle, 1986).

With advancements in radio telescope angular resolution, researchers have been

able to investigate the shape of jets in active galactic nuclei in great detail,

from large scales down to regions near the central black hole. These studies

have consistently conĄrmed the self-similarity of jet shapes, with the innermost
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Figure 5: Relativistic Jet from a Black Hole
Credits: W. Steven, UNAM, Cosmovision.

part exhibiting a parabolic shape and a transition to a conical shape after a

collimation break (Hada, 2019). This concept of self-similarity is crucial for

applying the scaling laws (Heinz and Sunyaev, 2003) according to which the

jet power depends on the mass of the central black hole and the nature of the

accretion disk, whether it is dominated by advection, gas pressure, or radiation

pressure.

These relationships are nonlinear: for instance, in the case of a radiation-

pressure dominated disk, the jet power PJ increases as the mass of the cen-

tral compact object increases, speciĄcally PJ ∝ MBH

17
12 , while in other cases

additional components related to the accretion rate are involved.

The conĄrmation of relativistic jet emissions from AGNs through gamma ray

detections, especially by the the Energetic Gamma-Ray Experiment Telescope

(EGRET) and later on by its successor, the Fermi Large Area Telescope (LAT),

has shed light on the dominant processes occurring in the gamma band. These
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Figure 6: Scheme of jet emission mechanism with prevailing SSC processes.

emissions are primarily driven by synchrotron self-comptonization (SSC) and

external comptonization (EC). SSC arises from synchrotron-generated photons

being scattered by relativistic electrons in the jet, while EC involves the scat-

tering of external photons from the accretion disk or the Broad Line Region

(BLR) by the jet electrons.

The type of synchrotron comptonization that prevails depends on the immediate

environment. If a strong emitting disk is present, external comptonization

becomes dominant. Therefore in these sources, the origin of jets is closely tied

to our understanding of the accretion process that powers AGN, with magnetic

Ąelds playing a crucial role.

Yet, fundamental questions remain, such as the reasons behind the presence or

absence of jets in different AGNs and the correlation between luminosity, mass,

and jet power.
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Figure 7: Scheme of jet emission mechanism with prevailing EC processes.

An ongoing issue is to address whether jet acceleration occurs in the immediate

vicinity of the central black hole or gradually over larger distances. This is com-

plicated by the potential for a "Compton drag" effect due to inverse Compton

scattering with the radiation Ąeld in the inner region.

This complex subject necessitates further research to construct a UniĄed Model

that encompasses these intricate features, shedding light on the enigmatic phe-

nomenon of AGN jet formation and evolution.

2.2 Standard Model of AGN

By evaluating the primary emission band and analysing their spectral charac-

teristics, various subclasses can be distinguished within the realm of AGNs. As

we anticipated above, a Ąrst classiĄcation of AGN was based on the shape of

the detected emission lines.
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• Type 1: show very broad optical/UV permitted emission lines, with

FWHM > 1000 km/s. Narrow (forbidden) lines typically have FWHMs of

order of 500-1000 km/s.

• Type 2: show lines with FWHM ranging usually from 500 to 1000 km/s.

In type 1 AGN we are seeing both the Broad and Narrow Line regions features,

therefore we expect them to be placed closely face-on with respect to our line

of sight. Spectral features of type 2 AGN, on the other hand, are suggesting

that in this case we only see rotating gas on the outer regions of the AGN, the

Narrow Line Region. Since the BLR is supposed to be covered by the dusty

torus, we expect that these AGN are placed almost edge on with respect of our

line of sight allowing us to see only the NLR.

In this context of UniĄed Models, the same processes are at work in all AGN

and the main differences in their observed properties are rather ascribed to

orientation effects.

However, several other different observed features were found. Their discovery

indicated the need of other parameters to differentiate types of AGN. For exam-

ple: with the introduction of powerful radio telescopes in the 1960s, scientists

uncovered strong radio sources that often exhibited a point-like appearance in

their optical counterparts.

The simple uniĄcation scheme which only considered absorption and beaming

was therefore not sufficient to answer the question of why some sources were

strong radio emitters, and some were not. In other words, what makes the

central engine produce a jet.

Indeed, another fundamental division in the classiĄcation scheme needed to be

taken into account, regarding the AGN radio emission. Early studies suggested
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that the differences in radio properties could have been related to fundamental

physical differences unlike the previously cited optical features.

Another classiĄcation was introduced, and it was based on the emission intensity

in the radio band. This feature is well described by the radio loudness parameter

R, deĄned as the ratio of the 5 GHz Ćux density to the optical Ćux density in

the B band (Kellermann et al., 1989):

R =
F5GHz

FB

. (2.13)

This classiĄcation divided AGN into:

• Radio-Quiet AGN: Rń10, showing weak or negligible radio emission

compared to other bands.

• Radio-Loud AGN: R>10, suggesting strong radio emission associated

with highly energetic and collimated jets of charged particles.

After astronomers had learned how to measure the mass of SMBH (Peterson

and Wandel, 1999), it became possible to study also the dependence of the radio

loudness parameter R on the Black Hole mass and the Eddington ratio, which

is deĄned as:

λEdd =
Lbol

LEdd

(2.14)

where Lbol stands for bolometric luminosity.

It was noticed that the radio loudness appeared to increase with decreasing

Eddington ratio, more quickly at higher accretion rates, and more slowly at

lower accretion rates.

26



2.2 Standard Model of AGN

Another possible trend which had been found was the correlation of the mass of

the central black hole and the radio-loudness of the AGN. High radio-loudness

usually required high masses.

All these studies then led to the assumption that the various types of AGN

could be approximately described by three basic parameters:

1. Black Hole Mass, MBH;

2. Accretion Rate, Lbol

LEdd
;

3. Inclination Angle, i.

However, in a study including the recently discovered jetted NLS1 galaxies,

it was shown that these sources were characterized from high radio-loudness

and low masses. Therefore, no straightforward relationship has been found

between radio loudness and MBH and the concept of radio loudness does not

provide any deep insight on the characterization of jet power. It is worth

noting, indeed, that that low-power jet sources can have either high or low

radio-loudness parameters.

Also the Radio Loudness failed in the attempt of classifying AGN based on

their physical properties as it is still an artiĄcial parameter with an abitrary

threshold. Its usage was indeed useful in the earlier days when our knowledge

of AGN and their related phenomena was much more limited. Nowadays we

consider this view of AGN too simplistic, as the radio loudness distribution of

AGN is not bimodal (Järvelä et al., 2015), and therefore other features need to

be taken into account.

This paper will further delve into the description of AGN, distinguishing be-

tween the two approximate cathegories of radio-quiet and radio-loud AGN.

Initially, we will explore the main characteristics of Seyfert Galaxies, which
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fall within the radio-quiet AGN category. Subsequently, we will focus on the

description of radio-loud AGNs, as this research highlights the presence of jet

emissions.

2.2.1 Seyfert Galaxies

Seyfert Galaxies were named after Carl K. Seyfert, who recognized that a sub-

class of spiral galaxies showed an exceedingly bright nucleus, peculiar emission

spectra characterized mainly by broad emission lines in the optical band, which

could not originate only from stars.

A Seyfert galaxy has a strongly emitting nucleus, but the host galaxy is clearly

detectable. The original deĄnition of the class was primarily morphological.

They are deĄned as galaxies with high surface brightness cores, since if observed

directly by a large telescope, a Seyfert galaxy looks like a normal distant spiral

galaxy with a star superimposed on the center.

The deĄnition has evolved thanks to subsequent spectroscopy so that Seyfert

galaxies are now identiĄed by the presence of broad, high-ionization emission

lines.

Seyfert galaxies are further divided into two main categories based on their

spectral features, as generally explained above for AGN: Seyfert 1 and Seyfert

2.

• Seyfert 1 galaxies exhibit broad permitted emission lines that arise from

gas clouds located in the BLR. They also display narrow emission lines,

believed to originate from gas in the NLR.

• Seyfert 2 galaxies show nuclei with weak or null nuclear continuum and

emission lines not affected by variability. The observed emission lines come

almost totally from the outer NLR.
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The Spectral Energy Distribution (SED) of Seyfert galaxies is notably complex,

reĆecting a diverse ensembling of components that contribute across all the en-

ergy ranges. The observed spectrum encompasses the resultant emissions from

an accretion disk, Compton emission modiĄed by a population of relativistic

electrons, emissions from broad and/or narrow emission line regions, as well as

dusty absorbing material that may be heated by the AGN itself. Also contri-

butions from star formation within the host galaxy can further complicate the

SED.

2.2.1.1 Narrow Line Seyfert 1 Galaxies

A subset of the Seyfert-1 galaxies, are the so-called narrow emission line Seyfert

1 galaxies (NLS1). These sources are strong X-ray emitters, and they show a

Hβ line which is narrower than general Seyferts (with FWHM < 2000 km s−1

).

NLS1s show strong X-ray variability but they vary only marginally in the UV.

This could indicate that the accretion disk, as seen in the UV, is rather stable,

while in the X-rays non-thermal beamed emission can be responsible for the

variability. Optical studies seem to indicate that the black holes in NLS1 are

still growing and their growth is governed by secular processes rather than by

mergers.

Analysing these types of Seyfert galaxies, we are observing lines which are

narrower than usual, but due to their shape and energy we know for sure they

are coming from the BLR rather than from the NLR like the lines detected in

Seyfert 2 galaxies.

The narrowness of the allowed spectral lines serves as an indicator of unique

physical conditions that signiĄcantly differ from those found in other Seyfert
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galaxies. Different explanations were suggested to understand the origin of

these features.

It was proposed (Decarli et al., 2008) that the observed spectrum of Narrow-

line Seyfert 1 (NLS1) galaxies could be attributed to the presence of a disk-

like Broad-Line Region (BLR) that we are observing from a nearly head-on

perspective. According to this scenario there is no component of the circular

motion within the disk that is directed towards the observer, thereby avoiding

the Doppler broadening effect.

An alternative explanation (Marconi et al., 2008) for the narrowness of BLR

lines attributes this phenomenon to the radiation pressure exerted by an ac-

cretion disk that accretes close to the Eddington limit. This intense radiation

pressure pushes the BLR to a greater distance from the central engine, leading

the gas to move slower.

Some other studies suggested also that NLS1s hosted lower mass black holes in

their inner region. These lower mass values, found mostly through reverberation

mapping, lie usually within 105 − 107 M⊙ .

For a Ąxed accretion rate value Ṁ, higher MBH values imply higher velocities

and therefore broader emission lines, as a consequence of the virial theorem.

NLS1s are described as a Şmixed bagŤ (Peterson, 2011) of sources that include

both high Eddington rate accretors and low-inclination AGNs.

The observed complex spectral features display a pronounced soft excess emis-

sion below 1 keV and steeper X-ray photon indices values compared to Seyfert 1

galaxies. The strong X-ray variability is usually addressed to a higher accretion

rate.

The morphology of the host galaxies of NLS1s is generally spiral, with often a
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bar crossing the central region, with an extension of about 1 kpc with respect

to the nucleus (Leighly, 1999a). Some studies suggest there is a correlation

between the higher accretion rate and the observed bar in the center. This

bar is an additional gravitating area which helps bringing the gas towards the

central region causing the accreting material to increase towards the central

area.

According to evolutionary theories, the presence of this bar suggests that the

galaxy is in an initial phase of activity and is capable of further evolution

(Salvato, 2002).

2.2.2 Radio-Loud AGN

Radio-loud AGN are a class of astronomical objects characterized by their

strong radio emission compared to the other bands.

Radio-loud AGN are typically associated with the presence of highly energetic

and collimated jets of charged particles, usually electrons, that emit synchrotron

radiation in the radio frequency range and inverse compton scatter internal or

external photons to high energies.

These sources also can exhibit variability in their radio and x-ray emissions,

often associated with changes in the accretion rate onto the central black hole

and the dynamics of the jet.

We further classify these objects in other two subclasses, primarily based on

the angle αJ between the jet orientation and the line of sight.

• Blazars: Jet pointing towards the observer. In this case we see an ex-

tremely powerful emission, as the relativistic ampliĄcation is strongly ef-

fective. The jet emission represents the dominant source of radiation.
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• Radio Galaxies: Jet forming a non-negligible angle αJET with the line of

sight. In this case, the relativistic ampliĄcation and superluminal effects

become less signiĄcant. While jet emission persists across the electromag-

netic spectrum, it may no longer be the dominant source of radiation.

Instead, other nuclear and non-nuclear components come into play, espe-

cially in the infrared (IR), optical, and X-ray frequency ranges.

2.2.2.1 Blazars

Blazars, a contraction of BL Lac Object and Quasar, stand as extraordinary

celestial entities known for their exceptional luminosity and energy output.

When observed from telescopes on Earth, they are seen as point-like sources of

light, a consequence of their elevate distance from our planet. These enigmatic

entities radiate energy at a rate that can exceed that of an entire galaxy by

thousands of times, and they are typically detected at high redshifts, which

refers to their potentially considerable ages.

The Blazar Sequence, as delineated observationally by Fossati et al. (1998)

and theorethically by Ghisellini et al. (1998), categorizes these objects into two

distinct classes based on their spectral emissions:

• Flat Spectrum Radio Quasars (FSRQs): showing presence of strong

lines. It means they are surrounded by a so-called photon rich environment

linked to an emitting accretion disk and surrounding gas.

• BL Lacertae (BL Lac Objects) : they lack conspicuous strong emission

lines, implying a more photon-poor environment. These objects usually

show stronger magnetic Ąelds.

A criterion used to distinguish between FSRQ and BL Lacs is the equivalent

width of the emission lines (EW) , and a dividing line of EW of 5 Å is applied.
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BL Lac objects predominantly display lines with equivalent widths below this

threshold, but it is essential to note that the continuum emission in blazars is

highly variable, leading to corresponding Ćuctuations in the equivalent width

of spectral lines.

The observed differences in spectral features are well explained by theoretical

models that encompass radiative processes within blazar jets, primarily involv-

ing synchrotron radiation for the low-energy part and Inverse Compton (IC)

scattering for the high-energy part:

• Synchrotron radiation: arises from electrons spiralizing around the

magnetic Ąeld lines, generating low energy photons.

• Inverse Compton scattering: here arises when high energy electrons

in the collimated jet scatter lower energy photons that were either previ-

ously produced from synchrotron radiation, or generated in the external

environment.

We repeat that a further distinction is made between two cases of Inverse Comp-

ton scattering:

• Synchrotron–Self–Compton (SSC): In this scenario, the seed photons

for IC scattering are synchrotron photons produced by the same electrons

responsible for the high-energy Compton component.

• External Compton (EC): Here, the primary seed photons originate ex-

ternally to the jet, such as from the accretion disk (Dermer and Schlick-

eiser, 1993), broad-line region (BLR) lines (Sikora et al., 1994), or torus

(Bşa£ejowski et al., 2000).

The visual representation of the Blazar Sequence demonstrates the relationship

between jet power and accretion disk luminosity, a key parameter that varies
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Figure 8: Jet Power as a function of the accretion disk luminosity, the main parameter that
varies from BL Lacertae and Radio Quasar

(Foschini, 2017)

between BL Lacertae Objects and Radio Quasars.

In BL Lacs, the absence of evident thermal emission implies that the accretion

process is not radiatively efficient. The lack of ionizing radiation further results

in the absence of broad emission lines.

These properties can be explained if the accretion luminosity, relative to the

Eddington limit, is below a critical threshold Ldisk ≤ (10−2−10−3)·LEdd . In this

case the jet emission mechanism is supposed to be dominated by Synchrotron

Self Compton processes, not involving a signiĄcant amount of external photons

as the environment appears to be depleted and poorly emitting.
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In contrast, in powerful Ćat-spectrum radio quasars (FSRQs) we directly ob-

serve radiation from the accretion disk, broad emission lines, and the infrared

torus component. This suggests that the high-energy emissions in FSRQs are

likely a result of the external Compton (EC) process.

In both cases, the measured masses of the central black holes are similar, em-

phasizing that the power of their jets primarily depends on electron cooling

inĆuenced by the surrounding environment.

2.2.3 Jetted Narrow Line Seyfert 1 Galaxies

In 2008, the discovery of high-energy gamma-rays from Narrow-Line Seyfert

1 Galaxies (NLS1s) revealed the presence of active galactic nuclei that are

capable of emitting powerful relativistic jets while showing differing features

from blazars and radio galaxies.

NLS1s were conventionally not perceived as jet producers as they belong to the

Seyfert Galaxies class. While early radio observations had previously hinted at

jet emissions, it was the discovery of GeV γ-rays that was decisive, conĄrming

that these AGN can indeed produce powerful relativistic jets, similar to the

ones from blazars or radio galaxies (Abdo et al., 2009a, Abdo et al., 2009b).

A salient distinction between jetted NLS1 galaxies and the established blazars

lies in the central black hole mass, a parameter found to be correlated with jet

power.

The supermassive black holes residing at the heart of these peculiar NLS1 galax-

ies typically possess masses in the range of 106 − 108 M⊙.

Previously, relativistic jets were linked to higher mass SMBHs, placed in the

centre of elliptical galaxies. It was commonly believed that a mass threshold

existed in order to trigger the jet emission. Indeed, the discovery of powerful
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relativistic jets in γ-NLS1s has expanded our characterization of AGN, raising

intriguing questions about emission mechanisms and the purpose to compare

AGN jets parameters with the ones of X-ray binaries (Foschini, 2014,Foschini,

2012a).

In this parallel, quasars in the blazar sequence occupy the position of stellar

mass black holes in the X-Ray Binary (XRB) sequence, while γ-NLS1s occupy

the equivalent position of neutron stars XRB. Consequently, concerning rela-

tivistic jets, gamma-ray-emitting NLS1s serve as the low-mass counterparts of

blazars, just as neutron stars mirror the small-mass counterparts of galactic

black holes.

Another peculiar feature, that distinguish γ-NLS1s from other radio loud AGN,

refers to the extreme accretion values, up to 80% or even 90% of the Eddington

limit. These values are the most extreme ever found in any γ-ray-emitting

AGNs, but they are usual for NLS1s.

It is important to remark that usually Blazars are more likely to be found in

elliptical galaxies, while γ-NLS1s are more likely to be detected in spiral galax-

ies. We can deduce that relativistic jets can form and develop independently of

their host galaxies (Järvelä et al., 2018, Olguín-Iglesias et al., 2020).

Radio Loud Narrow Line Seyfert 1 Galaxies represent a hybrid class which has

characteristics of the usually radio-quiet Seyfert galaxies but evidently showing

to be radio-loud.
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Figure 9: Jet Power as a function of the accretion disk luminosity with the addition of γ-NLS1
galaxies, whose jet emission is less powerlful in relation with their smaller BH mass

(Foschini, 2017)
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3. The case of 1H 0323+342

1H 0323+342 is a gamma-ray-emitting narrow-line Seyfert 1 galaxy (NLS1)

and it is considered to be the closest gamma-ray-emitting NLS1 to Earth, with

a redshift (z) of 0.063. Its ICRS coordinates (J2000) are RA=03h 24m 41.2

Dec=+34° 10Š 45.8Ť.

1H 0323+342 was discovered in 1993 with an optical follow up of HEAO sources

(Remillard et al., 1993). It was classiĄed as NLS1, but the discovery of radio

emissions in 2007 suggested that it had relevant analogies with blazars (Zhou

et al., 2007). In 2009 gamma emission was detected after the Ąrst year of Fermi

operations. It is one of the Ąrst four NLS1 detected by Fermi.

3.1 Spectral Features

This source is radio loud, since its Radio-Loudness parameter R measures 318,

and it also displays a Ćat radio spectrum.

It exhibits a double-hump Spectral Energy Distribution, characteristic of γ-

NLS1s that peaks in the radio band and γ-rays implying synchrotron emission

and synchrotron mechanisms that would result from a jet (Mundo et al., 2020).

However, while 1H 0323+342 has been Ąrmly established as a radio-loud AGN,

compelling evidence, drawn from the X-ray spectral shape and multiwavelength

spectral energy distribution, suggests that its X-ray emissions below 10 keV

predominantly originate from the accretion disk and corona, rather than from

relativistic jets, contrasting with the behavior of radio-loud AGNs.
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3.2 Mass of SMBH

In common with Seyfert 1 galaxies, which are typically radio-quiet AGNs, 1H

0323+342 houses a central SMBH characterized by a relatively lower mass value

of order 107 M⊙. The central BH mass has been determined through various

methods, all yielding consistent results.

These methods encompass the evaluation of Hβ luminosity and Full Width

at Half Maximum (FWHM) from a single-epoch spectrum, Ątting the accretion

disk based on the ShakuraŰSunyaev model, analyzing excess variance at X-rays,

and employing reverberation mapping techniques (Wang et al., 2016). These

methodologies converge to estimate the central black hole mass in the range

of 1.0-3.5 x 107 solar masses, with the most likely value being approximately:

2.2 × 107M⊙.

3.3 Structure of 1H 323+342

In the following, I summarize the basic features of the structure of 1H 0323+342

as found by Foschini et al. (2019).

The structural characteristics of 1H 0323+342 provide valuable insights into its

inner mechanisms. The boundary separating the Broad Line Region from the

molecular torus is established at a dust sublimation radius of approximately

0.19 parsecs. The temperature at which dust sublimation occurs is estimated

to be around 1500 Kelvin. The outer boundary of the torus is situated at a

distance of approximately 5.7 parsecs from the central black hole.

To investigate the extent of the Narrow Line Region, researchers have utilized

the luminosity of the [OIII] λ5007 emission line. The proĄle of this emission line

has been signiĄcantly affected by turbulence, likely due to interactions with
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Figure 10: Structure of 1H 323+342
(Foschini et al., 2019)

the relativistic jet. As a result, the maximum extension of the NLR has been

determined to be approximately 794 parsecs.

The host galaxy of 1H 0323+342 exhibits a ring (Zhou et al., 2007) that was

interpreted as spiral arm structure with a radius of approximately 7.5Ť, or a

merger remnant (Antón et al., 2008).

The speciĄc viewing angle of 1H 0323+342 remains unknown, but certain clues

about its orientation can be deduced. Since the structural features, such as

the ring/spiral arm, developed along the equatorial plane of the central black

hole, and since the jet emanates perpendicularly to the black hole equator, the
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viewing angle of the ring/spiral arm is likely to be the complementary angle of

the jet viewing angle, estimated to be approximately 9 degrees. This viewing

angle was determined by measuring the Doppler factor from the variability in

the light curves and the kinematics of the components within the jet.

The structure of the relativistic jet in 1H 0323+342, when observed at high-

resolution radio frequencies, exhibits an inner region with a parabolic shape

and an outer region with a conical shape.
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1H 0323+342 has been subject to extensive monitoring through the Swift satel-

lite, with observations conducted in both the X-ray and UV/optical wavelength

ranges. This observational campaign spans a duration extending for more than

sixteen years, from 2006 to 2023. The foundation of the analysis presented

herein draws from a substantial dataset, speciĄcally utilizing a collection of 170

observations curated from the Swift satellite archive.

4.1 Swift

The Swift satellite is a space observatory born with the aim to detect Gamma

Ray Bursts, and other transient astronomical events, by observing these short-

lived high-energy phenomena across various wavelengths, including soft and

hard X-rays, ultraviolet (UV) and optical light.

Launched on November 20, 2004, by NASA in collaboration with international

partners, it is orbiting around Earth performing a Low Earth Orbit, with a

distance from our surface between 584 and 601 km (Gehrels et al., 2004).

Swift is equipped with three principal instruments, each tailored to capture

and scrutinize speciĄc aspects of the transient events it encounters. These in-

struments include the Burst Alert Telescope (BAT), responsible for detecting

GRBs, the X-ray Telescope (XRT) for X-ray observations, and the Ultravio-

let/Optical Telescope (UVOT), which handles observations in the ultraviolet

and optical spectra. Together, these instruments enable Swift to provide com-

prehensive insights into the dynamic and rapidly evolving phenomena occurring
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Figure 11: Swift Telescope
Credit: NASA

in our universe.

4.1.1 Burst Alert Telescope (BAT)

The Burst Alert Telescope is SwiftŠs primary instrument for detecting and lo-

calizing Gamma Ray Bursts. It operates in the hard X-ray energy range (15

keV to 150 keV) and has a wide Ąeld of view, allowing it to rapidly detect and

locate GRBs within seconds (Barthelmy et al., 2005). The BAT can trigger

the other instruments of the spacecraft to observe the afterglows of GRBs in

different wavelengths.
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4.1.2 X-ray Telescope (XRT)

The X-ray Telescope is responsible for observing the X-ray afterglows of GRBs

and other high-energy sources. It operates in the X-ray energy range of 0.2

keV to 10 keV. The XRT is designed to provide detailed images and spectral

information of the X-ray emissions, allowing scientists to study the physical

properties of the emitting sources, such as the characteristics of the accretion

disks around black holes in AGNs (Burrows et al., 2005).

The XRT employs a grazing incidence Wolter I telescope to focus X-rays onto

the spare MOS CCD of XMM. This CCD has dimensions of 600x602 pixels

and is equipped with four calibration sources positioned at each corner of the

detector, emitting X-rays at 5.9 keV and 6.4 keV, providing the calibration

references.

The effective area of the XRT is determined by three main components: the

mirror area, the Ąlter transmission, and the CCD Quantum Efficiency (QE).

The ancillary response Ąles (ARF) contain information regarding the mirror

area and Ąlter transmission, which is akin to the XMM-MOS medium Ąlter,

incorporating corrections for vignetting and point spread function losses. The

CCD QE is accounted for by the Redistribution Matrix Files (RMFs), which

vary depending on the operating mode and the choice of grades selected.

The XRT Telescope can operate in two primary states: Auto and Manual state.

The Manual state is predominantly used for calibration purposes, with science

modes selected for speciĄc observations. In contrast, the Auto state is the nor-

mal operating mode in which the XRT autonomously selects the appropriate

science mode based on the source count rate, enhancing efficiency and adapt-

ability.
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Within both Auto and Manual states, the XRT can operate in various science

modes, including Image Long and Short (IM), Low rate (LR), Piled-up Photo-

diode (PU), Windowed Timing (WT), and Photon Counting (PC).

Here, we speciĄcally focus on Photon Counting mode, known for its ability to

retain full imaging and spectroscopic resolution, all while accumulating data

across the full Ąeld of view every 2.5 seconds. This mode is indeed particularly

advantageous for studying X-ray emissions in detail.

4.1.3 Ultraviolet/Optical Telescope (UVOT)

UVOT is SwiftŠs instrument for observing sources in the ultraviolet and op-

tical parts of the electromagnetic spectrum. UVOT makes Swift a complete

multi-wavelength facility. Coaligned with XRT, UVOT provides simultaneous

ultraviolet and optical coverage: 170-650 nm, in a 17′ × 17′ Ąeld with a magni-

tude limit of 24, observing in six Ąlters, namely V,B,U,W1,M2, and W2.

Despite its limited aperture, UVOT is a powerful complement to other instru-

ments because of its UV capabilities and the absence of atmospheric extinction,

diffraction, and background (Roming et al., 2000).

Since UVOT has photon counting detectors, which are able to retain individual

photon positions and timing information, it operates in a mode more similar to

typical X-ray telescopes rather than typical optical telescopes.

As soon as a Gamma-Ray Burst (GRB) is detected and pinpointed by the Burst

Alert Telescope (BAT), the spacecraft reorients itself to align both the UVOT

and the X-ray Telescope (XRT) with the location of the GRB.

The spacecraftŠs rapid 20-70 second time-to-target capability means that ap-

proximately 100 GRBs per year can be observed by the narrow-Ąeld instruments

during the afterglow phase.
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Upon acquisition of a new GRB by the spacecraft, the UVOT follows a prede-

termined sequence of exposure times and Ąlter combinations. The initial images

are promptly transmitted to Earth for use as reference charts by ground-based

observers. These images are also compared to archival observations of the same

portion of the sky to detect any changes that might indicate the presence of an

optical counterpart to the GRB.
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4.2 Fermi Gamma-ray Space Telescope

The Fermi Gamma-ray Space Telescope, also known as FGST or Fermi, is a

space-based observatory designed for conducting gamma-ray astronomy obser-

vations in low-Earth orbit.

FermiŠs precursor was the EGRET telescope on the Compton Gamma-Ray Ob-

servatory (CGRO), launched in 1991. It spanned a energy range of 30 keV-30

GeV and was then revolutionary since this range was previously unexplored with

such sensitivity. From its development and improvement, Fermi was created,

covering a energy range of 8 keV-300 GeV.

Initially named the Gamma-Ray Large Area Space Telescope (GLAST), the

mission was later renamed in honor of physicist Enrico Fermi following its suc-

cessful launch in 2008.

This mission represents a collaborative effort involving NASA, the United States

Department of Energy, as well as various agencies and research institutes in

France, Germany, Italy, Japan, and Sweden. As of early 2021, Fermi had

completed its 70,000th orbit around the Earth.

The Fermi satellite is equipped with two types of detectors; the Large Area

Telescope (LAT) and the Gamma-ray Burst Monitor (GBM) where its primary

tool for detection is the LAT.

4.2.1 Large Area Telescope (LAT)

The Large Area Telescope (LAT) is the primary instrument on the Fermi

Gamma-ray Space Telescope. It is a high-energy γ-ray telescope covering an

energy range from below 20 MeV to over 300 GeV. The LAT is a collaborative

effort involving multiple countries and institutions.
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Figure 12: Fermi Telescope
Credit: NASA

It consists of a precision tracker, calorimeter, anticoincidence detector, and

data acquisition system. The tracker has silicon strip detectors and tungsten

material for tracking, while the calorimeter uses CsI(Tl) crystals for energy

measurement (Atwood et al., 2009).
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I have retrieved data from the Swift archive on the High Energy Astrophysics

Science Archive Research Center (HEASARC), downloading 170 datasets taken

from XRT and UVOT telescopes, starting from 2006.

The primary goal of my analysis was to derive the key physical parameters

related accretion and ejection processes that are occurring within this AGN. To

achieve this, Ątting models were applied to the available spectroscopic data, and

and the quality of these Ąts as well as the robustness of the proposed models

were assessed using two main tests:

1. χ2 Test: this test is applicable when a large number of counts are available,

typically requiring at least 20 counts per bin in binned data.

In statistics we deĄne

χ2 =
∑ (O − E)2

E
(5.1)

with O being the observed values and E the expected ones.

The quality of the Ąt is determined by the reduced χ2: the χ2 value divided

by the number of degrees of freedom (d.o.f), which is the number of energy

channels minus the number of Ątted parameters.

A reduced χ2 value close to 1 is indicative of a good Ąt. On the other hand,

signiĄcantly greater values may lead to rejection, indicating that the model

does not Ąt the data properly, while values much less than 1 could signify

oversampling.
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2. Maximum Likelihood Test: also known as C-statistics, this test is ap-

plied in case there are insufficient counts to generate a meaningful number

of bins, due to a decrease in source rate or the sourceŠs intrinsic weakness

for the instrumentŠs performance. In this case the χ2 test is no longer

applicable.

This method calculates the joint probability that each individual event

Ąts the selected model without the need for binning. It computes the

probability of the model Ątting each event and forms the likelihood function

as the product of these probabilities. The maximum of this function reveals

estimates of the modelŠs parameters (Mattox et al., 1996). However, one

limitation of the likelihood method is its inability to provide a measure

of the ĄtŠs quality, as it only indicates the probability of obtaining the

observed results without offering information about the overall goodness

of the Ąt.

In the case of EGRET and Fermi LAT, the likelihood ratio is preferred as

a test that is called (Mattox et al., 1996):

TS, Test Statistic, deĄned as

TS = 2 ln
Lmax,0

Lmax,1

(5.2)

It is used for example when the optimizers of Fermi LAT Ąnd the best Ąt

spectral parameters, but not the location. To overcome this issue, a tool

that performs a grid search mapping out the maximum likelihood value

over a grid of locations is provided.

So in this case Lmax,0 is the maximum likelihood value for a model without
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an additional source, the null hypothesis, and Lmax,1 is the maximum like-

lihood value for a model with the additional source at a speciĄed location.

In the limit of a large number of counts the TS for the null hypothesis

is asymptotically distributed as χ2
x, where x is the number of parameters

characterizing the additional source.

In practice, a larger TS indicates that the null hypothesis is incorrect,

implying the presence of an additional source. The square root of the

TS is approximately equal to the detection signiĄcance for a given source,

providing a quantiĄable measure of the sourceŠs presence and importance.
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5.1 XRT data analysis

XRT observations were selected in the photon-counting mode and the data

are reduced using the task xrtpipeline, from the Swift FTOOLS in HEASOFT

6.31.1 and calibration database (CALDB) updated on September 11, 2013.

Once the spectra were obtained, it was necessary to add calibration Ąles to the

header of the spectrum. Using grppha command the associated redistribution

matrix Ąle and the associated ancillary response Ąle were included for each

observation.

Spectral Ąles are in PHA format. The PHA Ąle contains such information as

integration time, detector effective area, and a scaling factor that estimates the

expected size of the internal background. It contains also the total observed

counts for a number of channels and a factor for the size of any systematic error.

Also, data were grouped in order to have at least 20 counts per bin, with the

purpose to obtain a valid χ2 statistics on our models.

When χ2 is a valid statistic, we know that its value is drawn from a known

distribution and we can use the probability of obtaining the observed value

as a goodness-of-Ąt measure. This is the case of a large number of degrees

of freedom. However, when χ2 is not a valid statistics we cannot obtain a

goodness-of-Ąt measure as we do not know the distribution from which the

maximum likelihood value is drawn.

For most of the observations taken between MJDs 58332 and 58451 (2018-08-02,

2018-11-29), due to a signiĄcantly decreased exposure time, and therefore less

counts in the derived spectra, χ2 statistics was not valid, so I chose to apply

the C-statistics keeping 1 count per bin in the spectra.

Spectra were then analysed through the software XSPEC: a command-driven,
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interactive, X-ray spectral-Ątting program. Through this software I wanted

to measure the photon index values aiming to search for correlations with the

sourceŠs Ćux in the X-ray band.

XSPEC was able to measure these quantities by letting the user choose spectral

models, described in terms of few parameters, and then enabling to match or

Ąt them to the data obtained by the spectral observations.

It takes as input Ąles the PHA format, containing also the total observed counts

for a number of channels and a factor for the size of any systematic error. Each

channel is then converted to a count rate per unit area. For each spectrum,

channels are converted to count rates per unit area, and channels with a quality

Ćag of 5 were further excluded with the command ignore bad. Additionally,

only events in the range 0.3-10 keV were kept for the analysis.

To begin the analysis, a speciĄc absorption model, tbabs, was applied. This

model calculates the cross-section for X-ray absorption by the interstellar medium

(ISM), encompassing gas-phase ISM, grain-phase ISM, and ISM molecules. The

only parameter that varies in the tbabs model is NH, representing the equiva-

lent hydrogen column in units of 1022 atoms cm−2. For our source, this value

was frozen at the galactic value of 0.117 · 1022.

As the underlying physical process generating X-ray emission involves Comp-

tonization of seed photons by energetic electrons in a hot plasma cloud, it has

been demonstrated that power law spectra are exact solutions to the radia-

tive kinetic equation. This analytical solution for spectral slope is applicable

without any restrictions on plasma physical parameters.

Hence, two models, zpowerlaw and zbknpower, were compared to study the

spectral slope of photon counts and the inĆuence of emitted jets. The former is

a powerlaw model incorporating redshift, aiming to approximate the spectrum
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while no jet emission is occurrig, and the latter is a broken powerlaw model,

consisting of two separate powerlaws, each dominating a distinct energy range

of the spectrum with the higher energy range that is supposedly related to the

plasma ejection. The redshift parameter was frozen at 0.063.

Once data have been read in and a model was deĄned, XSPEC used a Ątting

algorithm to minimize the Ąt statistic, thus determining the best-Ąt values

for the model parameters. At the conclusion of each Ątting, XSPEC generated

a record of the best-Ąt parameter values. Additionally, using the err tool,

it provided estimated conĄdence intervals, calculated at the 90% conĄdence

level from the second derivatives of the Ąt statistic with respect to the model

parameters at the best-Ąt point.

In case both models provided meaningful results, showing accurate parameters

and reduced χ2 close to 1, the ftest tool was employed as a tool to choose

which model between zpow and zbknpower was the best Ąt. It takes as input

the two χ2 from both models and their respective degrees of freedom. Than it

computes the F-statistics giving out F-test probability. If

1 − PFtest > 99.7% (5.3)

it means the additional model is preferred with a probability of at least 3σ,

so it is reasonable to add the extra model component and therefore choosing

bknpower model.

Eleven observations were better described by a broken-powerlaw. These data

were taken during: 53925.452, 54479.353, 54786.733, 55045.032, 55499.098,

55525.794, 55527.735, 55528.137, 56356.608, 56492.098, 57257.625 MJDs (that

correspond to ISO 8601 dates: 2006-07-09 10:50:52.800, 2008-01-14T 08:28:19.200,
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2008-11-16 17:35:31.200, 2009-08-02 00:46:04.800, 2010-10-30 02:21:07.200, 2010-

11-25 19:03:21.600, 2010-11-27 17:38:24.000, 2010-11-28 03:17:16.800, 2013-03-

05 14:35:31.200, 2013-07-19 02:21:07.200, 2015-08-23 15:00:00.000).

To calculate the Ćux in the energy band 0.3-10 keV, the model cflux was

applied. This is a convolution model to calculate the corrected logarithmic Ćux

of other model components in units of ergs/cm2s−1.

The essential parameters that zbknpower enabled to measure were:

• BreakE: the Energy Break, which is the energy value in keV units at

which the second powerlaw starts to dominate the spectrum.

• PhoInd1: the photon index of the soft powerlaw emission which domi-

nates the lower energy band of the spectrum, Γ1 > 1.9.

• PhoInd2: the photon index of the hard powerlaw emission which domi-

nates the higher energy band of the spectrum, supposed to be inĆuenced

by the jet, Γ1 < 1.9.

Data derived from Ąttings with zpowerlaw were used to obtain an initial ap-

proximation of the spectral slope and Ćux. Also for the datasets that were better

modeled by zbknpower, the parameters of zpowerlaw still offered a rough esti-

mate for the average spectral slope and Ćux. These values were retained for the

purpose of comparing all photon indices and Ćuxes, thus allowing for a general

analysis of the spectral variations over time.

I noticed that data Ątted with broken-powerlaw show above average Ćuxes.

However, other observations that were modeled by a simple powerlaw with both

hard and softer photon index show Ćuxes in the same range. Deeper insights

were needed to understand better the origin of the jet and the increased Ćux

values.
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Figure 13: Areas of different Photon Index and Flux power. The area on the bottom left is the
"Zone of Avoidance"

I therefore created a light curve over the 16 years observing time, to monitor the

Ćux variations over this period, relating them to the respective photon indices.

I also distinguished three areas in the photon-Ćux graph:

1. Zone 1 : Γ < 1.9 & F > 10−11 ergs cm−2 s−1.

2. Zone 2 : Γ > 1.9 & F > 10−11 ergs cm−2 s−1.

3. Zone 3 : Γ > 1.9 & F < 10−11 ergs cm−2 s−1

Where F is the Ćux value and Γ is the powerlaw photon index.

Generally speaking, zone 1 refers to the "harder when brighter" phase, zone 2 is

the "softer when brighter" phase, while zone 3 is hypothesized to be associated

with a reduction in inner activity of an unknown nature.

I added together spectra from all observations belonging to each zone with the

addspec tool.
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For the average zone 1 I found that a broken powerlaw was the best Ąt model,

displaying a reduced χ2 = 466.54/350 closer to 1 than the single powerlaw model

with χ2 = 484.68/352. Modeling zone 2, a broken powerlaw did not Ąt well

the data, while s single powerlaw model constituted a better Ąt yelding χ2 =

643.12/472. However there was still a soft excess leaving signiĄcant residuals

below 2keV, so I applied a zbbody as an addition to the single powerlaw.

zbbody is an additive model of redshifted black-body radiation. It provides a

black-body spectrum from a given peak temperature, and gives the spectrum

from the Stefan-Boltzmann and Planck laws. The parameters are the maximum

temperature kT (in keV units) of the inner disk, the norm and the redshift z.

The addition of bbody model improved signiĄcantly the Ąt, as the reduced χ2

value had lowered to 562.53/64.

For the averaged zone 3 spectrum, a single powerlaw model was sufficient as

the reduced χ2 statistic value was 130/124.
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Figure 14: Plot with residuals of powerlaw model for zone 2

Figure 15: Plot with residuals of zbb+powerlaw model zone2
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5.2 UVOT data

5.2 UVOT data

During most of the Swift observations, the object was also observed with UVOT

in all the six passbands in the optical: V, B, U bands and near UV: W1, M2,

W2 bands.

Since the sum of UVOT exposures is useful both to detect faint sources and

improve the signal-to-noise ratio, data were summed using the tool uvotimsum.

The obtained FITS Ąles were analysed with the tool uvotsource. This tool

performs aperture photometry on a single source in a UVOT SKY exposure.

It returns information about the count rate from the source, the sourceŠs mag-

nitude in both Vega and AB systems, and Ćux density information. For this

project I chose to use Vega magnitudes.

The source extraction region and background region obtained through SAOImageDS9

were speciĄed in the FK5 coordinate system.

The observed magnitudes needed to be corrected for extinction. To Ąrst eval-

uate the extinction AV in the V band the following calculation was performed

(Allen and Cox, 2000):

AV = NH · 5.3 × 10−22 (5.4)

Where NH is the galactic hydrogen column density, measuring: NH = 1.17 ×

1021 cm−2.

In order to obtain the different extinctions for all the Ąve magnitudes in the

remaining bands I used Cardelli laws (Cardelli et al., 1989).
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Subsequently, the corrected magnitudes at all six wavelengths were transformed

into Ćux values using the zero-point magnitudes given in the HEASOFT package:

zpV = 17.89, zpB = 19.11, zpU = 18.34, zpW1 = 17.44, zpM2 = 16.85, zpW2 = 17.38. (5.5)

I evaluated the total optical Ćux by summing Ćuxes in the V, B and U bands.

In the same way I calculated the UV Ćux by summing in the W1,M2,W2 bands.

Unfortunately only few were are available in the periods ranging from MJD

55500.569 to 55529.141 (2010-10-31 13:39:21.600, 2010-11-29 03:23:02.400) and

58304.463 to 58465.058 (2018-07-05 11:06:43.200, 2018-12-13 01:23:31.200). Nonethe-

less, a total of 110 Ćuxes were obtained throughout the Swift observation time.

Corrected Ćuxes for each band were used to evaluate the optical and ultraviolet

spectral index, αopt and αUV respectively.

αopt =
− log SV

SU

log νV

νU

(5.6)

αUV =
− log SW1

SW2

log νW1

νW2

(5.7)

Here SV, SU, SW1 and SW2 are the V, U, W1, W2 bands Ćux densities respectively

and νV = 5.56 × 1014 Hz, νU = 8.57 × 1014 Hz, νW1 = 1.16 × 1015 Hz, νW2 =

1.48 × 1015 Hz are the respective frequencies.
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Errors σαopt
and σαUV

were evaluated through the formulas:

σαopt
=

∂αopt

∂MV

σMV
+

∂αopt

∂MU

σMU
(5.8)

and

σαUV
=

∂αUV

∂MW1

σMW1
+

∂αUV

∂MW2

σMW2
(5.9)

Where MV, MU, MW1
, MW2

are the magnitudes in the V,U,W1,W2 band

and σMV
, σMU

, σMW1
and σMW2

are their respective errors previously evaluated

through uvotsource.

5.3 Fermi LAT data

Fermi LAT light curves were already supplied from the Fermi LAT Light Curve

Repository. I downloaded the 3 days cadence ones with free photon index.

Observations were taken from August 2008 and data provided information on

Julian Dates, Mid point of time bin in Mission Elapsed Time (MET), The

likelihood Test Statistic (TS), Photon Flux between 0.1 and 100 GeV with its

error and Photon Index with its error.

A larger TS indicates that the null hypothesis is incorrect i.e. a source really

is present which can be quantiĄed.

The square root of the TS is approximately equal to the detection signiĄcance

for a given source, so I discarded data with TS lower than 4.

Also only data whose Ćux error was σF < 3 × 10−1 F were considered.
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As for XRT and UVOT observations I collected and plotted Ćux and photon

index values over time, to compare variations with the other bands.
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6. Results and Discussion

6.1 XRT Data

X-ray observations show variations among the inferred parameters, speciĄcally:

Photon Index of the powerlaw models Γ and the Ćux values between 0.3-10.0

keV.

6.1.1 3 phases overview

In the plot representing photon index and Ćux values I noticed that data are

distributed in three areas of the graph as I introduced in the previous para-

graphs.

1. Zone 1: Γ < 1.9, F > 10−11 ergs cm−2 s−1,

2. Zone 2: Γ > 1.9, F > 10−11 ergs cm−2 s−1,

3. Zone 3: Γ > 1.9, F < 10−11 ergs cm−2 s−1.

These 3 zones on the graph can represent three different phases occurring in

the jet emission mechanism.
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Results and Discussion

Figure 16: Areas of different Photon Index and Flux power. The area on the bottom left is the
ŠZone of AvoidanceŠ

Figure 17: Areas of different Photon Index and Flux power. The two different components of
the broken powerlaw are shown.
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6.1 XRT Data

6.1.1.1 ZONE 1

In all the observations belonging to Zone 1, the Photon Index is found to be

harder than the average values (about 2.1) of NLS1 galaxies spectra (Vaughan

et al., 1999, Leighly, 1999b). Hence we suppose that this hardening is due to

inĆuence from a jet emission. When we posses available data, we will conĄrm

this assumption with Fermi LAT results.

The single spectra of observations belonging to zone 1 were either:

• Flat spectrum well modeled by single powerlaws. We believe here the

jetŠs emission dominates the whole spectrum from 0.3keV.

• Spectra modeled with broken powerlaws. Here through spectral Ątting

one can explicitly distinguish the two components contributing to the emis-

sion: the hard component representing the jet contribution and the soft

component modeling the coronal emission. The energy break is usually in

the range 1.2-3.0 keV.

This is consistent with results from previous researches in gamma-ray-emitting

NLS1s. They are typically well Ątted by a broken power-law model, exhibiting

a break at approximately 2.0 keV. Below this break, the spectrum is attributed

to disc and coronal emissions, a common feature of Seyfert galaxies. Conversely,

the emission above the break is governed by jet-related processes, a character-

istic feature of blazars.

I also summed all the spectra that were classiĄed as zone 1 and I Ątted the

averaged spectrum with XSPEC obtaining as a best-Ąt model a broken powerlaw

with energy break at about 2.49 keV, a soft component which is still describing a

Ćatter spectrum Γ1 = 1.96±0.03 and a harder component with Γ2 = 1.74±0.05.

Later in this chapter I will compare this averaged spectrum with the ones of
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Results and Discussion

Figure 18: Photon Index Ćux graph of zone 1 observations
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Figure 19: Count rates of zone 1 between 0.3-10.0 keV with residuals

Figure 20: Plot with residuals of Ątting model broken powerlaw zone 1
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the other zones.

We now attempt to explain what happens in zone 2.
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Figure 22: Photon Index Ćux graph of zone 2 observations

6.1.1.2 ZONE 2

Here single spectral data were either described by:

• High Ćuxes single powerlaws with Γ values ranging from 1.9 to 2.4. We

justify this high Ćux emission at relatively low electron energies assuming

it arises as a consequence of efficient electron cooling. The softer spectrum

does not provide evidence of jet emission.

• Broken powerlaw with average Γ > 1.9. This feature can be explained

if the jetŠs emission has occurred but it was not sufficiently powerful to

dominate the spectrum.

In the graph, data points belonging to zone 2 are plotted, showing also the

broken powerlaw components.
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The best Ąt model for zone 2 average spectrum was composed of:

• Blackbody: modeling the soft excess below 1keV. The inner temperature

was found to be kT=0.17 ± 0.02.

• Powerlaw: modeling the coronal emission, with Γ = 1.94 ± 0.03.

The addition of zbbody enabled to reduce the χ2 value from 642.94/472 to

562.53/470.

Both features of this average spectrum are interesting: the powerlaw index is

still harder than the average photon index of NLS1 galaxies and this leads to the

question whether it can be related to favourable conditions for the jet emission.

Regarding the soft excess, it is a common feature among AGN, even though in

this speciĄc source was not prominent.

6.1.1.3 Soft Excess

This observed feature, predominantly shown in NLS1 galaxies, initially was

hypothesized to be a high-energy tail of the optical-UV accretion disk emission.

However, this theory has been rejected by observational data as this excess is

not correlated with SMBH mass or accretion rate. The observed temperature

exceeds what is expected for a standard accretion disk. Various hypotheses

have been proposed to explain the soft excess: a ionized reĆection within the

inner regions of the accretion disk, leading to relativistic blurring of X-ray

lines (Ross and Fabian, 2005), a relativistically smeared absorption at higher

energies, where high-velocity absorbing clouds obscure atomic spectral features,

resulting in a seemingly soft excess (Bambi, 2023) and Ąnally the existence of

two Comptonizing regions within the AGN, one hotter region responsible for

high-energy emission and another colder region producing the soft X-rays (Laor

et al., 1997).
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Figure 23: Count Rate of ZONE2 between 0.3-10.0 keV
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Although there are apparent differences in the physical mechanisms of these

models, they can explain the X-ray spectrum with comparative goodness of Ąt.

This makes the physical origin of soft X-ray excess subject to long-standing

controversy. To break the degeneracy of these models, some works have used

broadband energy spectrum analysis or temporal analysis to study some par-

ticular sources. The results show that in different sources, the origin of the soft

excess is different and the excess even has hybrid characteristics, which implies

that its origin is diverse from source to source.

I also created a contour plot to see if parameters kT and Γ were correlated:

I noticed also from the previous Γ-Flux graphs that several observations over

time appear to switch from zone1 to zone 2.

The explanation I propose for these observed features, is that the emission from

the jet may originate from kinetic processes involving coronal electrons that are

accelerated, triggering the emission. Furthermore, the jet could also exert a

inĆuence on the coronal environment making it more suitable for a following

jet generation.

6.1.1.4 Around the jet emission

I decided to study more in detail the evolution of spectral parameters by se-

lecting the intervals encompassing a supposed jet emission modeled with a

brokenpowerlaw.

Comparing the parameters inferred with XSPEC, one indeed notices that there

is either an increased Ćux and/or a Ćattening of the spectrum, anticipating

and/or following an event well modeled by a broken powerlaw.

Here below I list some selected time intervals with the Ątting models and inferred

parameters. The full table is attached in the Appendix.
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Figure 24: Plot E2counts with residuals. Model: tbabs(blackbody + zpowerlaw) zone2

Figure 25: Plot E2counts with residuals. Model: tbabs(zpowerlaw) zone 2
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Figure 27: Contour plot, xaxis=kT values, yaxis= Γ values. The two parameters do not show
signiĄcant correlation

Model
Time
(MJD)

Γ1

Flux1

(10−11 ergs
cm−2 s−1)

Ebreak

(keV)
Γ2

Flux2

(10−11 ergs
cm−2 s−1)

χ2

pow 55043.35 1.84 ± 0.05 2.34 ± 0.11 59.47/50

bkn 55045.03 2.20 ± 0.10 1.45 ± 0.09 2.39 ± 0.44 1.53 ± 0.19 0.58 ± 0.07 38.42/38

pow 55048.03 1.95 ± 0.05 1.66 ± 0.08 29.13/40

pow 55051.52 2.10 ± 0.05 1.82 ± 0.10 33.14/36

Table 1: Observations of a jet emission from MJD 55043.35 to 55051.52 (2009-07-31 08:24:00 -
2009-08-08 12:28:48)
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Figure 28: Evolution of Photon Index & Flux between MJDs 55042 and 55052
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Model
Time
(MJD)

Γ1

Flux1

(10−11 ergs
cm−2 s−1)

Ebreak

(keV)
Γ2

Flux2

(10−11 ergs
cm−2 s−1)

χ2

bkn 55525.79 2.31 ± 0.07 2.31 ± 0.10 2.74 ± 0.21 1.24 ± 0.31 0.68 ± 0.08 50.42/50

pow 55526.26 2.11 ± 0.04 2.57 ± 0.08 58.25/58

bkn 55527.74 2.25 ± 0.14 1.13 ± 0.09 1.46 ± 0.17 1.68 ± 0.14 1.40 ± 0.09 44.06/36

bkn 55528.13 2.25 ± 0.13 1.75 ± 0.08 2.47 ± 0.61 1.75 ± 0.22 0.57 ± 0.05 39.17/33

pow 55529.14 2.13 ± 0.05 2.12 ± 0.11 48.72/43

Model
Time
(MJD)

Γ1

Flux1

(10−11 ergs
cm−2 s−1)

Ebreak

(keV)
Γ2

Flux2

(10−11 ergs
cm−2 s−1)

χ2

pow 56491.68 1.99 ± 0.06 2.29 ± 0.08 27.92/35

bkn 56492.10 2.28 ± 0.18 0.92 ± 0.06 1.37 ± 0.16 1.68 ± 0.11 1.58 ± 0.07 34.57/34

pow 56492.68 1.84 ± 0.06 2.27 ± 0.07 51.44/45

Table 2: Observations of jets emissions between MJDs 55525-55530 (2010-11-25, 2010-11-30)
and 56491-56493 (2013-07-18, 2010-11-30)

In this case we were able to obtain spectra from observations separated only

by two or three days. We can deduce from the Ątting models that on MJD

55045.03, the jet component has emerged and we were able to distinguish it from

the coronal component. During MJD 55043.35 the hardening of the spectrum

can be explained by either the inĆuence of a previous jet emission on the coronal

environment or an increase of the electron velocities as a starting condition for

a second jet emission.

After the jet emission it looks that the environment slowly cools down but

keeping the Ćux values high.

The observations between MJDs 55525 and 55529, show evidence of a jet emis-

sion that dominates the spectrum during MJD 55527.74. Since both the hard

and soft components of the following supposed emission are consistent within

conĄdence intervals, I was driven to the assumption that either we are observ-

ing very fast and alternate self-similar jet emissions, or we are seeing the same
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Figure 29: Evolution of Photon Index & Flux between MJDs 55523 and 55531

emission inĆuencing the disk-corona environment over a longer time interval.

In this case we conĄrm the presence of the jet emission with a good Ąt of

broken powerlaw models for our data. Looking at the observations before and

after the emissions we see that slopes of powerlaw models lie in the soft range,

but signiĄcantly high Ćux values are measured.

Between MJDs 56491 and 56493 a steeper slope of the powerlaw remains after

the jet emission yelding Γ = 1.84 with still above average Ćux values.

We conclude that the jet and the corona are tightly linked together as the jet

ejection is generated through the acceleration of hot electrons in the corona.

How the jet interacts with the environment during the emission is still a mys-

tery, as in some cases a hardening of the spectrum is observed, while in other

observations only high Ćux values are measured with softer spectra.
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Figure 30: Photon Index Ćux graph of zone 3 observations

6.1.1.5 ZONE 3

Here data are described by low Ćuxes single powerlaws with photon index Γ3

that approaches the typical values found in non jetted Narrow Line Seyfert 1

Galaxies.

Since Ćux values in the 0.3-10.0 band are lower and spectra are softer, one

suggested hypothesis states that no jet emission is occurring during these ob-

servations.

In the graph, data points belonging to zone 3 are plotted, showing also the

broken powerlaw components.

As a model for zone 3 average spectrum, a powerlaw with Γ = 2.23 ± 0.05 was

the best Ąt for the data. Indeed a softer spectrum with a signiĄcantly lower
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Mod zone Γ1

Flux1

(10−11 ergs
cm−2 s−1)

Ebreak

(keV)
Γ2

Flux2

(10−11 ergs
cm−2 s−1)

χ2

bkn 1 1.96 ± 0.03 2.31 ± 0.10 2.47 ± 0.11 1.74 ± 0.06 0.68 ± 0.08 466.54/350

pow 2 2.07 ± 0.03 1.59 ± 0.04 642.94/472

pow 3 2.23 ± 0.05 0.69 ± 0.07 130.01/124

Table 3: Parameters inferred with XSPEC spectral models

H S RH

(10−11 ergs cm−2 s−1) (10−11 ergs cm−2 s−1)

zone 1 1.06 0.58 0.29

zone 2 0.96 0.68 0.17

zone 3 0.29 0.31 -0.04

Table 4: Hardness ratios of the 3 averaged spectra

Fνν is observed compared to the previous two.

Here is what I obtained:

As an additional method, useful to charachterize these differences between the

three phases in the X-ray band, I have calculated the hardness ratio RH, deĄned

as:

RH =
H − S

H + S
(6.1)

Here H is the Ćux measured between 2.0 and 10.0 keV, while S is the Ćux value

measured in the 0.3 and 2.0 keV energy band.

I also plotted the evolution in time of the hardness ratio, showing that the

values are decreasing in more recent observations.

To interpret these ratios, I will Ąrst summarize some key concepts regarding

spectral hardening in BHXRBs. In these sources, spectral hardening is observed
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Figure 31: count rate of zone 3 with residuals, between 0.3-10.0 keV

Figure 32: Plot E2counts with residuals zone 3

Figure 33: Spectral Ątting of zone 3 data
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Figure 34: X-ray average spectrum ZONE 1

Figure 35: X-ray average spectrum ZONE 2

Figure 36: X-ray average spectrum ZONE 3

Figure 37: Comparing spectra of the three zones.
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Figure 38: Hardness Ratio evolution over time. The dashed lines are referring to the average
values of RH in the three zones.
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with a steep rise in intensity associated with a jet, followed by a softening of the

spectrum. Then the jet dissipates and intensity drops to the quiescent state.

The Hardness Ratio is used to classify these states quantitatively and in a model

independent manner.

Searches for RH states in AGN analogous to BHXRB have been carried out

for 20 years. We note AGN are not expected to exhibit a state change despite

their high variability, since unlike BHXRBs the time-scale in AGN for such a

change is extremely long, but we will dive deeper into this topic in the following

paragraphs.

If we consider RH = 0 as the separator between "harder when brighter be-

haviour", usually associated to jetted AGN and "softer when brighter" be-

haviour, typical of Seyfert Galaxies, we notice that observations from zone

1 and 2 belong to the Ąrst cathegory, while phase 3 more likely belongs to the

latter.

Following the qualitative description of the physical processes occurring in RH

variability, provided from Peretz and Behar (2018), we consider that if the

slope of RH is positive, so if Hardness Ratio tends to increase during later

observations, Compton cooling dominates its beginning and transitions into

coronae dominated by energy injection.

The study also suggests that one explanation of different RH values and slopes

among Seyfert Galaxies, could be linked to geometry: the "softer-when-brighter"

objects are expected to have coronae positioned predominantly above and around

the black hole keeping a minimum distance from it. When the RH increases,

indicating "harder-when-brighter" conditions, it could be a consequence of the

corona that drops towards the black hole.
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Variations in Ćux are primarily attributed to the energetic processes happening

within the corona and its close surroundings.

As we know that the corona of NLS1s is highly dynamic and can undergo under

signiĄcant changes in a short time, we want to understand what mechanism

could have occurred switching from zone 2 to zone 3.
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6.1.2 X-ray parameters evolution in time

In the light curve plot, one can observe two major changes towards recent

observations:

• An overall decrease of the Ćux values.

• Ceased broken powerlaw modeled data.

If we also plot the photon index evolution in time, we notice that there is a

slight increase in its values.

Finally, dividing the observations in three time intervals:

1. I1: 54000-56000 MJDs (2006-09-22,2012-03-14), represented in the graph

as orange stars.

2. I2: 56000-57500 MJDs (2012-03-14,2016-04-22), represented in the graph

as green squares.

3. I3: 57500-60000 MJDs (2016-04-22,2023-02-25), represented in the graph

as purple triangles.

We can notice some analogies between the 3 time interval classiĄcation and the 3

zones: data belonging to zone 3, were entirely obtained during the third period

between 57500-6000 MJDs suggesting that a change of phase has occurred in

the last years.

The observed alterations are characterized by a reduction in Ćux levels and

a discernible softening of the spectral slopes. Furthermore, the additional evi-

dence provided by the calculated hardness ratio (RH3
) underscores this evolving

scenario, as it switches to a negative value, together with the observed spectral

transformations.

For a more comprehensive and detailed elucidation of the temporal dynamics at
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Figure 39: X-ray Lightcurve

Figure 40: X-ray Lightcurve with error bars
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6.1 XRT Data

Figure 41: Photon index evolution over time

Figure 42: Photon index evolution over time with broken powerlaw components
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play, the dataset is further dissected into six distinct time intervals. By plotting

these intervals onto the photon index-Ćux graph, we can trace the evolution of

critical parameters, providing a Ąner perspective on the intricate interplay of

these processes.

Power law originating from the corona could be changing in intensity or shape

for a number of reasons. For example, a cooling of the corona, or changes in

the magnetic Ąeld, or ejection of the corona from the system. These would

constitute intrinsic changes in the luminosity or shape of the power law due to

physical changes in the corona.

I also plotted the values without the two components of the broken powerlaw.

The examination of these plots reveals distinct patterns within different tem-

poral intervals. Notably, the Ąrst four intervals display a dynamic alternation

between zones 1 and 2, with zone 2 predominating during interval I4. In the

subsequent intervals, I5 and I6, the observed values transition between zone 2

and 3. It is important to note that no data modeled with a broken powerlaw

conĄguration are present during these later intervals. These distinctive features

give rise to several pertinent considerations:

• The intermittent transitions between zones 1 and 2 suggest that speciĄc

environmental conditions may become conducive to jet emission, likely

inĆuenced by the state of the coronal and potentially disk components.

The alternate emergence of jets during these phases underlines the role of

these conditions in regulating jet activity.

• During these intervals, it appears that the environmental factors do not

favor the initiation of jet emission, showing features of non-jetted NLS1

galaxies. We suggest that the apparent absence of jets during such periods

may be attributed to multiple interconnected reasons.
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6.1 XRT Data

Figure 43: Photon index Ćux plot in 3 time intervals: 54000-56000 as orange stars, 56000-
57500 as green squares, 57500-6000 as purple triangles.

Figure 44: Areas of different Photon Index and Flux power. The area on the bottom left is the
ŠZone of AvoidanceŠ
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Figure 45: Photon index Ćux plot of interval I1=54000-55200 (2006-09-22, 2010-01-04)

Figure 46: Photon index Ćux plot of interval I2=55200-55600 (2010-01-04, 2011-02-08)
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Figure 47: Photon index Ćux plot of interval I3=55600-56400 (2011-02-08, 2013-04-18)

Figure 48: Photon index Ćux plot of interval I4=56400-56600 (2013-04-18, 2013-11-04)

93



Results and Discussion

Figure 49: Photon index Ćux plot of interval I5=57200-57400 (2013-11-04, 2016-01-13)

Figure 50: Photon index Ćux plot of interval I6=57400-60000 (2016-01-13,2023-02-25)94
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Figure 51: Photon index Ćux plot of interval I1=54000-55200

Figure 52: Photon index Ćux plot of interval I2=55200-55600
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Figure 53: Photon index Ćux plot of interval I3=55600-56400

Figure 54: Photon index Ćux plot of interval I4=56400-56600
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6.1 XRT Data

Figure 55: Photon index Ćux plot of interval I5=57200-57400

Figure 56: Photon index Ćux plot of interval I6=57400-60000
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• We notice the absence of transitions from zone 1 to zone 3, which aligns

with the hypothesis that jet generation may be closely linked to the coronal

electron processes. This speciĄc pattern further strengthens the association

between certain coronal conditions and the presence of jets.

• We question whether the decrease in Ćux can be justiĄed by a change in the

accretion rate, which could also constitute an explanation for the absence

of jets.

Another interesting feature is observed especially in Interval 2 data: these data

exhibit high Ćux values overall. The peculiar feature is the apparent trend

linking harder powerlaw indices with lower Ćuxes and vice versa, which can

may be a result from absorption of higher frequency radiation.

Looking closely to the I2 interval graph, observing the annotations to points,

one can notice that points placed on the upper right area of the graph (high

Ćux-softer powerlaws), are followed almost immediately from points placed in

the lower left area of the graph (lower Ćuxes - harder powerlaws) and this could

mean that the Ąrst condition is what favours a jet emission.

To gain a deeper understanding of these observed features we now analyse

UVOT parameters to see if any of the values exhibit variation counterparts.

6.2 UVOT data

Keeping the same intervals introduced above, I plotted light curves showing

optical, UV and X-ray Ćuxes:

Up to approximately MJD 56000, these bands tend to roughly mirror the pat-

terns observed in X-ray Ćuxes.

However, a distinct deviation from this behavior was remarkably evident during
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6.2 UVOT data

Figure 57: Photon index Ćux plot of interval I2 with broken powerlaw components

Figure 58: Photon index Ćux plot of interval I2

Figure 59: I2 trend with points labeled according to temporal order
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Figure 60: Lightcurve plot of interval I1=54000-55200

Figure 61: Lightcurve plot of interval I2=55200-55600
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6.2 UVOT data

Figure 62: Lightcurve plot of interval I3=55600-56400

Figure 63: Lightcurve plot of interval I4=56400-56600
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Figure 64: Lightcurve plot of interval I5=57200-57400

Figure 65: Lightcurve plot of interval I6=57400-60000
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the intervals labeled as I5 and I6. During these speciĄc timeframes, X-ray Ćux

values displayed a notable decline, while UV and optical Ćuxes appeared to

maintain relatively constant levels.

This affirmation Ąnds further support in the plots representing data from the

three deĄned zones. The visual representation of data attributed to zone3, in

particular, reaffirms our previous assertions.

Within the UV band, the Ćuxes in zone 3 do not display the declining trend

observed in X-ray Ćuxes during the speciĄed intervals.

This divergence in behavior prompts a closer examination of the underlying

mechanisms responsible for the observed dynamics in different spectral domains

and their relationship with X-ray Ćux variations.

Looking at the graph plotting UVOT Ćuxes as functions of X-ray Ćux, we

notice that even though there is a subtle increasing trend in UV Ćux values as

X-ray Ćuxes increase, the values themselves exhibit limited variation across the

distinct zones under consideration.

We are driven to dismiss the explanation suggesting that a decline in the accre-

tion rate has occurred. The key indicators in the UV/optical bands, primarily

associated with disk emission, remain relatively stable. Instead, our focus turns

to the possibility of variations in the coronal plasma within the AGN system

to explain the decline of the jet emission.

To characterize these distinct zones further in terms of UV and optical Ćuxes,

an evaluation of the average Ćux levels in each zone was performed. The results

conĄrmed that the Ćuxes within these bands did not exhibit signiĄcant changes

across the different zones.

Additionally, aiming to gain deeper insights, I computed the average spectral
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Figure 66: Lightcurve plot of zone 1

Figure 67: Lightcurve plot of zone 2

Figure 68: Lightcurve plot of zone 3
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6.2 UVOT data

Figure 69: UVOT Ćuxes as functions of X-ray Ćux

αUV αopt

zone 1 -0.176 ± 0.048 0.629 ± 0.021

zone 2 -0.226 ± 0.062 0.601 ± 0.034

zone 3 -0.106 ± 0.015 0.809 ± 0.012

Table 5: Average spectral indices for the three zones

indices for each zone within the UV and optical bands. What emerged from this

investigation was intriguing: zone 3 data showed power laws bending towards

lower frequencies in both the UV and optical bands.

When examining the averaged spectral slopes, the distinct pattern came to

light. Graphs plotting f−α as a function of frequency f in the UV and optical

bands revealed that zone 3 data displayed a pronounced distribution towards

lower frequencies in both spectral domains. This intriguing observation can lead

to interesting considerations related to accretion disk variations in temperature,

for example.

While the accretion rate itself may not have experienced a noticeable decrease,
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the shift towards lower frequencies suggests that various processes could be at

play, possibly leading to a cooling of the accretion disk. It is plausible that

these processes are intricately linked to the observed cessation of jet emission

within the AGN.
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6.2 UVOT data

Figure 70: Plot of f−α, f frequency values in the UV band.

Figure 71: Plot of f−α, f frequency values in the optical band.
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6.3 X-ray and Gamma Ray correlations

The gamma-ray photon index-Ćux plot roughly follows the trend shown during

the X-ray analysis. In this case no equivalent counterpart of the X-ray zone 2

is distinguished.

Unfortunately, only a limited number of X-ray observations has a corresponding

dataset in the Fermi LAT Database, so we use a limited set of "checks" to assess

the expected jet emission.

I decided to roughly divide Fermi LAT data into two time intervals: I1 con-

taining observations taken before MJD 57000 (2014-12-09) and I2 containing

observations taken after MJD 57000. The photon index-Ćux plot shows both a

softening of the spectrum, with higher values of Γγ and lower Ćux values.

Consequently, this prompts us to consider the possibility that the jet emission

may have gradually decreased over time without a complete depletion.

We emphasize though, that these available gamma-ray data are insufficient for

a precise and direct comparison with the X-ray observations, we use them for

a general and approximate confront.

I also plotted the gamma ray Ćux as a function of x-ray Ćux values selecting

XRT observations taken within 2 days from gamma observations.

We observe that generally low values for X-ray Ćux correspond to low values

in the gamma ray band. The trend is more complex at higher X-ray values

conĄrming the previous affirmations on the role of the corona dominating the

X-ray spectrum in various situations.

To perform a more detailed analysis I selected some interesting time-intervals

to compare the X-ray spectral values with the gamma-ray ones aiming to char-
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6.3 X-ray and Gamma Ray correlations

Figure 72: Gamma ray photon index-Ćux graph with error bars.

Figure 73: Gamma and X-ray light-curves in logarithmic scale

Figure 74: Gamma ray light-curve plot
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Figure 75: Plot of I1 and I2 Photon Index-Flux

Figure 76: Gamma ray Ćux against X-ray Ćux
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6.3 X-ray and Gamma Ray correlations

Table 6: X-ray and Gamma Ray data 56533-56536

Time PhoIndex Flux

MJD 10−11 ergs cm−2s−1

56535 1.71 ± 0.16 2.88 ± 0.02

Time PhoIndex Flux

MJD 10−14 ergs cm−2s−1

56533 -2.64 ± 0.17 36.18 ± 4.95

56536 -2.53 ± 0.14 49.17 ± 6.36

Table 7: X-ray and Gamma Ray data 56483-56489

Time PhoIndex Flux

MJD 10−11 ergs cm−2s−1

56485 1.93 ± 0.06 2.69 ± 0.03

56489 2.05 ± 0.05 2.34 ± 0.03

Time PhoIndex Flux

MJD 10−14 ergs cm−2s−1

56483 -2.66 ± 0.17 16.32 ± 3.47

56486 -2.39 ± 0.19 22.33 ± 4.96

56489 -2.70 ± 0.24 15.42 ± 3.55

acterise the jetŠs emission.

The highest gamma ray Ćuxes are detected during 56533 (2013-08-29) and 56336

(2013-02-13) dates and we have an X-ray detection the day after, whose spec-

trum is modeled by a single powerlaw with a very hard photon index, 1.74

displaying also one of the highest X-ray Ćux value.

Other high gamma ray detections were obtained between days 56486 (2013-07-

13) and 56489 (2013-07-16) and correspond to high Ćuxes in the X ray band,

even though powerlaws do not exhibit very hard slopes.
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Table 8: X-ray and Gamma Ray data 56998-57007

Time PhoIndex Flux

MJD 10−11 ergs cm−2s−1

57001 2.07 ± 0.06 2.34 ± 0.02

57003 2.08 ± 0.07 2.42 ± 0.03

Time PhoIndex Flux

MJD 10−11 ergs cm−2s−1

56998 -2.68 ± 0.22 17.94 ± 3.53

57001 -3.09 ± 0.42 10.6 ± 2.77

57007 -2.86 ± 0.33 10.83 ± 2.8

6.4 Possible explanations

The observed decreasing Ćux in the X-ray band can have multiple origins. Here

below we list some interesting scenarios as suggested explanations for X-ray

variations.

6.4.1 The Blandford-Znajek theory revisited

To motivate our observations we provide references to the revised theory of

Blandford-Znajek (BZ) by Foschini (2012b)).

In this scenario, it is not only the black hole spin which determines the power

of the jet, but also the angular frequency of the magnetic Ąeld lines ωF, related

to the rotation velocity of the disk itself. More precisely the slip factor s was

deĄned to characterize this process:

s = 1 −
ωH

ωF

(6.2)

where ωH is the black hole angular velocity.
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There can be several situations that can lead to different outcomes, in particular

we cite two scenarios that can be related to our source conditions:

• ωH > ωF , s < 0: the black hole angular speed is greater than that of

magnetic Ąeld lines. The machine works as generator and the BZ power

is positive so jet emission is occurring. The rotational power of the black

hole is converted into the electromagnetic jet power.

• ωH < ωF , 0 < s < 1: the BZ power is negative, the machine works as a

motor. The rotational energy of the magnetic Ąeld, which rotates faster

than the BH, is extracted to power the motion of the black hole and no jet

is generated. If the BH increases its angular speed sufficiently to surpass

that of the Ąeld, then it changes to the condition explained above.

Now, in the context of our observations, we suspect that there might have

been changes in the magnetic Ąeld lines angular velocity and, presumably, the

rotation of the accretion disk and hence leading to a ceased emission. This

change could be a key factor in explaining why we no longer observe jet emission

in our source.

6.4.2 Disk Instability

An alternative explanation for this behavior is derived from the study conducted

by Czerny et al. (2009).

In their investigation they associate the existence of short-lived compact ra-

dio sources with the intermittent activity of the central engine, caused by a

radiation pressure instability within an accretion disk.

It was already known that AGN were subject to subsequent stages of varying

activity levels. They show an intermittent behavior, likely triggered by minor

mergers or instabilities in the accretion Ćow over extended timescales, up to 108
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years.

However, discrepancies arose from several studies revealing an excess of compact

("young") sources compared to galaxies with extended old radio structures. In

response, a scenario suggesting intermittent activity occurring at a faster rate

than the known long scale intermittent behaviour was proposed. According

to this model, the source is reborn every few thousand years, without display-

ing strong evidence of the previous activity phase, as extensively discussed by

various authors. The plausible explanation is an accretion disk instability man-

ifesting on timescales much shorter than 108 years. In fact, cold accretion disks

experience two types of instabilities: ionization instability, acting over longer

timescales, and radiation pressure instability, operating on shorter timescales

and causing periodic outbursts.

The time evolution of an accretion disk under radiation pressure instability is

rapid, with the exact boundary of the unstable region being mostly depend-

ing on the accretion rate. The instability occurs if Ṁ > 0.025 approximately.

The radiation pressure instability implies alternating between thermally sta-

ble states: an outburst with a high-accretion rate and a low accretion rate

state. During an outburst, the disk remains nearly stationary, with a constant

accretion rate, on timescales shorter than hundreds/thousands of years.

The temporary accretion rate during this state exceeds the Eddington rate, and

thermal stability is maintained by energy advection to the black hole. Con-

versely, a low state ensues between outbursts, marked by a rapid decline in

accretion rate, making the disk signiĄcantly nonstationary. Thermal stability

in this state then results from a reduction in radiation pressure.

The variability timescales depend strongly on mass, with longer timescales re-

lated to higher black hole masses. Therefore, a speciĄc cathegory is preferred
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if we aim to observe such variations, as it shows evidence of lower mass black

holes: narrow-line Seyfert 1 galaxies. For these sources the transition between

states can occur in less than 40 years.

Let us focus speciĄcally on the case of 1H 0323+342 and investigate whether

the observed features can be related to such mechanisms. The softer and de-

creasing X-ray Ćux suggests a cooling in the inner regions. The UV-optical

counterpart of the accretion disk component provides however an ambiguous

feedback. As Ćux values do not decrease, we do not Ąnd enough evidence of

a decreasing accretion rate. While Ćuxes remain constant, the spectral indices

evaluated in zone 3 suggest that spectral powerlaws are bent towards lower fre-

quencies, and therefore possibly lower temperatures. So we observe an overall

change of behaviour in the inner environment, without however conĄrming a

disk instability. Further research is needed to evaluate and eventually conĄrm

this hypothesis.
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The comprehensive analysis conducted in this thesis sheds light on the intricate

dynamics of the jetted Narrow Line Seyfert 1 galaxy, 1H 0323+342, conducting

a research over a 16-year period of observations. I performed a spectral analysis

of X-ray data from the Swift-XRT telescope, integrating it with photometric

analysis of UV and optical data from the Swift-UVOT telescope. Ultimately

an additional combination of Fermi-LAT lightcurve values, has contributed to

provide valuable insights into the temporal evolution of this intriguing AGN.

The identiĄcation of three distinct zones on the Photon Index-Flux plot has

been a signiĄcantly relevant outcome of this study. The Ąrst phase (zone 1) is

deĄned from Ćuxes > 10−11 ergs s−1 cm−2 and photon indices Γ < 1.9. Since it

is characterized by high Ćuxes and hard spectra, we associate it to a scenario

of vigorous jet activity. The second phase (zone 2) is deĄned from Ćuxes >

10−11 ergs s−1 cm−2 and photon indices Γ > 1.9, and is marked by high Ćuxes

and soft spectra, suggesting a phase where the acceleration of coronal particles

diminishes, potentially leading to a decline in jet emission. Most observations

before MJD 57000 switch beetween zone 1 and 2, suggesting that zone 2 is the

phase anticipating and /or following a jet emission. Finally, the third phase

(zone 3) is deĄned from Ćux values < 10−11 ergs s−1 cm−2 and Γ > 1.9, so

characterized by lower Ćuxes and soft spectra. This behaviour is particularly

evident in recent observations, implying a possible cessation of jet emission.

For every zone also a useful parameter was evaluated: the hardness ratio RH,

exhibiting a negative value in the average zone 3 spectra opposed to the two
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positive values shown for zone 1 and 2 (with zone 1 having a higher value than

zone 2). This parameter supports the supposed change of behaviour in this

source, at least in the X-ray band.

UV and optical Ćux values exhibit a general stability over the observation pe-

riod, therefore these observations do not conĄrm properly the variations ob-

served in the X-ray band. However, subtle changes in UV and optical spectral

indices suggest potential alterations within the accretion disk: the average UV

spectral index αUV = −0.106ś0.015, is higher than the average values calcu-

lated or zone 1 and 2, hence suggesting softer spectra. Also the value found for

αopt = 0.809ś0.012 is higher than the others. Furthermore, a small correlation

between high X-ray Ćux and elevated UV and optical Ćuxes hints at underlying

changes in the accretion disk. These observed features could indicate some mi-

nor changes in the accretion disk emission, without however exhibiting a proper

decrease in the accretion rate.

Gamma-ray data from Fermi LAT, while exhibiting similarities to X-ray trends,

can conĄrm only partially Swift observations, as the temporal overlap between

the two survey datasets is limited. Nevertheless, the observed decreasing trend

in gamma-ray values aligns with the overall diminishing trend seen in X-ray

data, offering additional support for the hypothesis of decreased jet activity.

A number of scenarios could attempt to explain the observed behaviour; in this

dissertation I propose two interesting hypothesis which both need subsequent

research to be conĄrmed. The Ąrst one refers to the The Blandford-Znajek

theory revisited, according to which the ceased emission could be related to

changes in the magnetic Ąeld lines angular velocity and, presumably, the rota-

tion of the accretion disk. The second one suggests that the ceased emission

could be related to disk instabilities that in NLS1 galaxies can occur in less
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than 40 years.

In conclusion, this thesis contributes to the Ąeld of AGN research, particularly

in the context of jetted Narrow Line Seyfert 1 galaxies. The detailed multi-

wavelength analysis shows the need for multiple techniques and approaches to

unravel the intricate mechanisms that regulate the disk-corona-jet interactions.

I believe they occur consistently, inĆuencing the different components. This

research provides material for future investigation regarding the short scale

observed variations and their origin, so I hope it will open future avenues for

exploring the broader implications of the observed phenomena. By comparing

my results with other sources, I wish to add useful pieces to the intricate puzzle

of AGN.
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Appendix: XRT Parameters
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±

0.31
2.19

±
0.13

32.81/34

59957.16
P

ow
erlaw

2.32
±

0.1
2.95

±
0.12

28.49/26

59966.23
P

ow
erlaw

2.0
±

0.21
1.74

±
0.12

43.05/55

59968.87
P

ow
erlaw

2.47
±

0.33
1.91

±
0.13

56.49/67

59976.37
P

ow
erlaw

2.25
±

0.23
0.6

±
0.07

5.72/7

59981.0
P

ow
erlaw

2.27
±

0.16
1.7

±
0.07

2.36/4

59986.43
P

ow
erlaw

2.32
±

0.13
1.38

±
0.08

65.13/71

59988.22
P

ow
erlaw

2.3
±

0.21
1.26

±
0.06

42.74/38

59995.50
P

ow
erlaw

2.0
±

0.2
2.09

±
0.13

49.15/44
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Table 9: UVOT optical band Ćuxes and spectral index

Time αopt V B U

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

54301.950 0.67 ± 0.13 1.90 ± 0.02 1.90 ± 0.02 2.19 ± 0.02

54408.173 1.02 ± 0.17 1.79 ± 0.03 1.68 ± 0.02 1.77 ± 0.03

54415.137 0.77 ± 0.16 1.65 ± 0.03 1.64 ± 0.02 1.82 ± 0.02

54429.802 0.75 ± 0.16 1.66 ± 0.03 1.72 ± 0.02 1.86 ± 0.02

54435.259 0.74 ± 0.16 1.66 ± 0.03 1.69 ± 0.02 1.86 ± 0.02

54440.188 0.80 ± 0.13 1.69 ± 0.02 1.66 ± 0.02 1.84 ± 0.02

54449.425 0.90 ± 0.16 1.74 ± 0.03 1.75 ± 0.02 1.82 ± 0.02

54457.421 0.71 ± 0.17 1.71 ± 0.03 1.80 ± 0.02 1.94 ± 0.03

54469.231 0.74 ± 0.16 1.74 ± 0.03 1.77 ± 0.02 1.95 ± 0.03

54479.398 0.73 ± 0.16 1.89 ± 0.03 1.86 ± 0.03 2.13 ± 0.03

54786.783 0.86 ± 0.13 1.78 ± 0.02 1.76 ± 0.02 1.89 ± 0.02

55036.203 0.63 ± 0.14 2.14 ± 0.03 2.08 ± 0.02 2.51 ± 0.03

55039.451 0.76 ± 0.14 2.14 ± 0.03 2.02 ± 0.02 2.37 ± 0.03

55042.464 0.53 ± 0.15 2.02 ± 0.03 2.07 ± 0.02 2.48 ± 0.03

55045.105 0.65 ± 0.14 1.97 ± 0.03 2.02 ± 0.02 2.29 ± 0.03

55048.084 0.49 ± 0.14 1.86 ± 0.03 2.23 ± 0.02 2.33 ± 0.03

55051.628 0.65 ± 0.15 1.88 ± 0.03 2.09 ± 0.02 2.19 ± 0.03

55497.949 0.55 ± 0.14 2.09 ± 0.03 2.24 ± 0.03 2.54 ± 0.03

55498.144 0.54 ± 0.14 1.94 ± 0.03 2.04 ± 0.02 2.37 ± 0.03

55499.147 0.62 ± 0.14 2.07 ± 0.03 2.08 ± 0.03 2.45 ± 0.03

55502.227 0.56 ± 0.14 1.95 ± 0.03 2.05 ± 0.02 2.36 ± 0.03

55507.919 1.24 ± 0.16 1.86 ± 0.03 2.18 ± 0.02 1.67 ± 0.02

55512.126 0.59 ± 0.14 2.00 ± 0.03 2.16 ± 0.03 2.38 ± 0.03

55519.800 0.52 ± 0.12 1.91 ± 0.02 2.03 ± 0.02 2.35 ± 0.03

55523.231 0.50 ± 0.15 1.91 ± 0.03 2.22 ± 0.03 2.37 ± 0.03

55524.844 0.49 ± 0.15 1.96 ± 0.03 2.15 ± 0.02 2.44 ± 0.03

55525.882 0.50 ± 0.14 2.03 ± 0.03 2.03 ± 0.02 2.53 ± 0.03

55526.315 0.37 ± 0.12 1.91 ± 0.02 1.95 ± 0.02 2.51 ± 0.03

55749.014 0.43 ± 0.19 2.03 ± 0.04 2.06 ± 0.03 2.60 ± 0.04

55780.654 0.49 ± 0.16 2.00 ± 0.04 2.24 ± 0.03 2.51 ± 0.03
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.2 UV band

Time αopt V B U

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

55808.018 0.43 ± 0.17 1.94 ± 0.04 2.08 ± 0.03 2.49 ± 0.03

55837.832 0.49 ± 0.17 1.93 ± 0.04 2.07 ± 0.03 2.41 ± 0.03

55841.528 0.60 ± 0.19 2.17 ± 0.04 2.16 ± 0.03 2.57 ± 0.04

55870.878 0.60 ± 0.21 1.82 ± 0.04 2.09 ± 0.03 2.16 ± 0.04

55902.056 0.97 ± 0.28 1.82 ± 0.06 1.65 ± 0.04 1.84 ± 0.04

55923.411 0.74 ± 0.18 1.63 ± 0.03 1.68 ± 0.02 1.83 ± 0.03

55928.051 0.62 ± 0.24 1.65 ± 0.05 1.76 ± 0.03 1.94 ± 0.03

55956.672 0.75 ± 0.20 1.93 ± 0.04 1.86 ± 0.03 2.15 ± 0.03

55989.354 0.90 ± 0.20 1.62 ± 0.04 1.53 ± 0.03 1.70 ± 0.03

56305.831 0.75 ± 0.14 1.72 ± 0.03 1.75 ± 0.02 1.92 ± 0.02

56306.667 0.83 ± 0.15 1.84 ± 0.03 1.66 ± 0.02 1.98 ± 0.03

56307.664 0.75 ± 0.15 1.78 ± 0.03 1.76 ± 0.02 1.98 ± 0.02

56338.404 0.69 ± 0.14 1.66 ± 0.02 1.75 ± 0.02 1.90 ± 0.02

56338.866 0.74 ± 0.15 1.64 ± 0.03 1.65 ± 0.02 1.84 ± 0.02

56353.682 0.57 ± 0.19 1.87 ± 0.04 2.19 ± 0.03 2.25 ± 0.03

56356.624 0.74 ± 0.18 1.68 ± 0.04 1.67 ± 0.02 1.88 ± 0.02

56489.621 0.65 ± 0.19 2.29 ± 0.05 2.35 ± 0.04 2.66 ± 0.04

56491.763 0.74 ± 0.14 2.15 ± 0.03 2.07 ± 0.02 2.41 ± 0.03

56492.169 0.52 ± 0.13 2.2 ± 0.03 2.49 ± 0.03 2.71 ± 0.03

56492.767 0.62 ± 0.13 2.18 ± 0.03 2.34 ± 0.03 2.57 ± 0.03

56524.075 0.47 ± 0.14 1.9 ± 0.03 2.01 ± 0.02 2.39 ± 0.03

56524.873 0.62 ± 0.14 2.05 ± 0.03 2.1 ± 0.02 2.41 ± 0.03

56525.439 0.39 ± 0.14 1.87 ± 0.03 2.15 ± 0.02 2.44 ± 0.03

56534.686 0.56 ± 0.14 2.18 ± 0.03 2.28 ± 0.03 2.63 ± 0.03

56541.158 0.37 ± 0.15 2.07 ± 0.03 2.29 ± 0.03 2.72 ± 0.03

56548.071 0.52 ± 0.16 2.29 ± 0.04 2.45 ± 0.03 2.82 ± 0.04
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Time αopt V B U

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

56555.134 0.43 ± 0.14 2.32 ± 0.04 2.47 ± 0.03 2.96 ± 0.04

56562.354 0.51 ± 0.17 2.18 ± 0.04 2.28 ± 0.03 2.69 ± 0.04

56567.986 0.41 ± 0.20 2.09 ± 0.05 2.25 ± 0.04 2.71 ± 0.04

57001.752 0.62 ± 0.15 2.23 ± 0.04 2.26 ± 0.03 2.63 ± 0.03

57003.351 0.53 ± 0.15 2.01 ± 0.03 2.08 ± 0.02 2.47 ± 0.03

57236.838 0.73 ± 0.16 1.88 ± 0.03 1.96 ± 0.02 2.12 ± 0.03

57239.764 0.73 ± 0.16 1.87 ± 0.03 1.87 ± 0.02 2.11 ± 0.03

57245.092 0.47 ± 0.16 1.87 ± 0.03 1.96 ± 0.03 2.35 ± 0.03

57251.608 0.57 ± 0.19 1.77 ± 0.04 1.89 ± 0.03 2.13 ± 0.03

57254.146 0.70 ± 0.17 1.87 ± 0.03 1.95 ± 0.03 2.13 ± 0.03

57257.669 0.80 ± 0.16 1.93 ± 0.03 1.90 ± 0.02 2.10 ± 0.03

57260.092 0.72 ± 0.15 1.94 ± 0.03 1.93 ± 0.02 2.20 ± 0.03

57263.853 0.83 ± 0.16 1.88 ± 0.03 1.83 ± 0.02 2.03 ± 0.03

57275.414 0.62 ± 0.19 1.82 ± 0.04 1.89 ± 0.03 2.15 ± 0.03

57282.832 0.67 ± 0.18 2.00 ± 0.04 2.08 ± 0.03 2.31 ± 0.03

57289.947 0.38 ± 0.20 1.86 ± 0.04 2.09 ± 0.03 2.43 ± 0.03

57295.042 0.34 ± 0.16 2.05 ± 0.04 2.24 ± 0.03 2.74 ± 0.04

57303.350 0.42 ± 0.16 2.14 ± 0.04 2.32 ± 0.03 2.76 ± 0.04

57310.937 0.43 ± 0.16 2.19 ± 0.04 2.26 ± 0.03 2.80 ± 0.04

57317.291 0.38 ± 0.16 2.11 ± 0.04 2.25 ± 0.03 2.77 ± 0.04

57331.448 0.55 ± 0.15 1.95 ± 0.03 2.12 ± 0.03 2.37 ± 0.03

57338.282 0.47 ± 0.16 2.08 ± 0.04 2.14 ± 0.03 2.62 ± 0.03

57345.446 0.55 ± 0.17 1.90 ± 0.04 2.10 ± 0.03 2.32 ± 0.03

57352.690 0.78 ± 0.16 2.07 ± 0.04 2.05 ± 0.03 2.28 ± 0.03

57359.163 0.49 ± 0.26 1.90 ± 0.06 1.92 ± 0.04 2.37 ± 0.05

57364.748 0.82 ± 0.24 2.09 ± 0.07 2.11 ± 0.03 2.26 ± 0.03

57371.548 0.83 ± 0.39 1.93 ± 0.05 2.00 ± 0.03 2.08 ± 0.10

57380.416 0.70 ± 0.17 1.89 ± 0.03 2.03 ± 0.03 2.16 ± 0.03

58759.302 0.60 ± 0.18 1.81 ± 0.04 1.94 ± 0.03 2.16 ± 0.03

58765.143 0.73 ± 0.18 1.84 ± 0.04 1.87 ± 0.03 2.07 ± 0.03
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.2 UV band

Time αopt V B U

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

58774.508 0.79 ± 0.18 1.99 ± 0.04 1.94 ± 0.03 2.18 ± 0.03

58831.707 0.42 ± 0.16 2.14 ± 0.04 2.34 ± 0.03 2.76 ± 0.04

58838.320 0.27 ± 0.20 1.75 ± 0.04 2.05 ± 0.03 2.40 ± 0.04

59051.708 0.3 ± 0.23 1.96 ± 0.05 2.31 ± 0.04 2.65 ± 0.05

59059.617 0.69 ± 0.23 2.27 ± 0.06 2.42 ± 0.04 2.60 ± 0.05

59065.325 0.65 ± 0.23 2.00 ± 0.05 1.94 ± 0.04 2.33 ± 0.04

59644.811 0.67 ± 0.17 1.94 ± 0.04 1.90 ± 0.03 2.25 ± 0.03

59651.343 0.46 ± 0.18 1.84 ± 0.04 1.99 ± 0.03 2.34 ± 0.03

59786.310 0.46 ± 0.29 1.80 ± 0.06 1.81 ± 0.04 2.28 ± 0.05

59792.276 0.72 ± 0.20 1.91 ± 0.04 1.94 ± 0.03 2.16 ± 0.04

59818.861 0.78 ± 0.31 1.83 ± 0.06 1.78 ± 0.05 2.01 ± 0.05

59833.649 0.94 ± 0.34 1.62 ± 0.06 1.74 ± 0.05 1.66 ± 0.04

59846.704 1.01 ± 0.27 2.05 ± 0.06 1.83 ± 0.04 2.04 ± 0.05

59882.971 0.07 ± 0.27 1.69 ± 0.05 1.95 ± 0.04 2.53 ± 0.05

59885.490 0.34 ± 0.20 1.75 ± 0.04 2.11 ± 0.03 2.34 ± 0.04

59936.702 0.56 ± 0.19 2.05 ± 0.04 2.17 ± 0.03 2.49 ± 0.04

59937.765 0.76 ± 0.28 2.25 ± 0.07 2.12 ± 0.05 2.50 ± 0.06

59957.174 0.53 ± 0.21 2.10 ± 0.05 2.26 ± 0.04 2.58 ± 0.04

59966.240 0.6 ± 0.24 1.94 ± 0.05 2.12 ± 0.04 2.31 ± 0.04

59968.883 0.46 ± 0.30 1.75 ± 0.06 2.06 ± 0.05 2.21 ± 0.05

59976.381 0.98 ± 0.27 2.28 ± 0.07 1.86 ± 0.04 2.30 ± 0.05

59986.446 0.47 ± 0.19 1.87 ± 0.04 1.91 ± 0.03 2.35 ± 0.04

59981.081 0.72 ± 0.19 2.06 ± 0.04 2.07 ± 0.03 2.32 ± 0.03

59988.239 0.64 ± 0.18 1.89 ± 0.04 1.96 ± 0.03 2.21 ± 0.03
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Table 10: UVOT ultraviolet bands Ćuxes and spectral index

Time αUV W1 M2 W2

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

54301.950 -0.26 ± 0.19 2.03 ± 0.02 2.59 ± 0.03 2.75 ± 0.03

54408.173 -0.24 ± 0.27 1.60 ± 0.02 1.95 ± 0.04 2.16 ± 0.03

54415.137 -0.34 ± 0.24 1.73 ± 0.02 2.18 ± 0.04 2.39 ± 0.03

54429.802 -0.25 ± 0.25 1.63 ± 0.02 2.0 ± 0.03 2.21 ± 0.03

54435.259 -0.4 ± 0.25 1.66 ± 0.02 2.2 ± 0.04 2.33 ± 0.03

54440.188 -0.09 ± 0.2 1.73 ± 0.02 2.24 ± 0.03 2.25 ± 0.02

54449.425 -0.35 ± 0.24 1.76 ± 0.02 2.19 ± 0.04 2.44 ± 0.03

54457.421 -0.51 ± 0.25 1.81 ± 0.03 2.40 ± 0.04 2.60 ± 0.03

54469.231 -0.35 ± 0.24 1.87 ± 0.03 2.46 ± 0.04 2.59 ± 0.03

54479.398 -0.58 ± 0.23 2.08 ± 0.03 2.71 ± 0.04 3.05 ± 0.03

54786.783 -0.19 ± 0.2 1.64 ± 0.02 1.97 ± 0.03 2.18 ± 0.02

55036.203 -0.37 ± 0.21 2.26 ± 0.03 2.87 ± 0.04 3.16 ± 0.03

55039.451 -0.25 ± 0.22 2.15 ± 0.03 2.63 ± 0.04 2.91 ± 0.03

55042.464 -0.31 ± 0.22 2.2 ± 0.03 2.82 ± 0.04 3.02 ± 0.03

55045.105 -0.33 ± 0.21 2.22 ± 0.03 2.76 ± 0.04 3.07 ± 0.03

55048.084 -0.12 ± 0.21 2.15 ± 0.03 2.67 ± 0.04 2.83 ± 0.03

55051.628 -0.15 ± 0.23 1.94 ± 0.02 2.51 ± 0.04 2.56 ± 0.03

55497.949 -0.07 ± 0.21 2.28 ± 0.03 2.79 ± 0.05 2.96 ± 0.03

55498.144 0.26 ± 0.22 2.05 ± 0.03 2.47 ± 0.04 2.45 ± 0.03

55499.147 -0.26 ± 0.21 2.22 ± 0.03 2.90 ± 0.04 3.01 ± 0.03

55502.227 -0.14 ± 0.21 2.18 ± 0.03 2.72 ± 0.04 2.88 ± 0.03

55507.919 0.19 ± 0.24 1.95 ± 0.03 2.13 ± 0.03 2.38 ± 0.03

55512.126 -0.49 ± 0.22 2.2 ± 0.03 2.75 ± 0.04 3.16 ± 0.03

55519.800 -0.37 ± 0.22 2.23 ± 0.03 2.9 ± 0.04 3.11 ± 0.03

55523.231 -0.44 ± 0.22 2.29 ± 0.03 3.11 ± 0.04 3.24 ± 0.04

55524.844 -0.39 ± 0.22 2.32 ± 0.03 3.0 ± 0.04 3.26 ± 0.04

55525.882 -0.34 ± 0.21 2.54 ± 0.03 3.3 ± 0.05 3.51 ± 0.04

55526.315 -0.1 ± 0.21 2.33 ± 0.03 2.95 ± 0.04 3.04 ± 0.03

55749.014 -0.46 ± 0.24 2.35 ± 0.03 3.02 ± 0.05 3.35 ± 0.04

55780.654 -0.19 ± 0.25 2.56 ± 0.04 3.08 ± 0.05 3.42 ± 0.04

55808.018 -0.46 ± 0.28 2.31 ± 0.04 2.94 ± 0.06 3.29 ± 0.04

55837.832 -0.07 ± 0.24 2.36 ± 0.03 2.76 ± 0.05 3.06 ± 0.03

55841.528 -0.23 ± 0.25 2.50 ± 0.04 3.19 ± 0.06 3.37 ± 0.04

55870.878 -0.62 ± 0.31 1.99 ± 0.04 2.67 ± 0.03 2.95 ± 0.04
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.2 UV band

Time αUV W1 M2 W2

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

55524.844 -0.39 ± 0.22 2.32 ± 0.03 3.0 ± 0.04 3.26 ± 0.04

55525.882 -0.34 ± 0.21 2.54 ± 0.03 3.3 ± 0.05 3.51 ± 0.04

55526.315 -0.1 ± 0.21 2.33 ± 0.03 2.95 ± 0.04 3.04 ± 0.03

55749.014 -0.46 ± 0.24 2.35 ± 0.03 3.02 ± 0.05 3.35 ± 0.04

55780.654 -0.19 ± 0.25 2.56 ± 0.04 3.08 ± 0.05 3.42 ± 0.04

55808.018 -0.46 ± 0.28 2.31 ± 0.04 2.94 ± 0.06 3.29 ± 0.04

55837.832 -0.07 ± 0.24 2.36 ± 0.03 2.76 ± 0.05 3.06 ± 0.03

55841.528 -0.23 ± 0.25 2.50 ± 0.04 3.19 ± 0.06 3.37 ± 0.04

55870.878 -0.62 ± 0.31 1.99 ± 0.04 2.67 ± 0.03 2.95 ± 0.04

55902.056 -0.09 ± 0.43 1.80 ± 0.04 2.24 ± 0.03 2.34 ± 0.05

55923.411 -0.33 ± 0.27 1.74 ± 0.03 2.28 ± 0.04 2.41 ± 0.03

55928.051 -0.53 ± 0.28 1.79 ± 0.03 2.59 ± 0.07 2.59 ± 0.04

55956.672 0.15 ± 0.28 1.93 ± 0.03 2.24 ± 0.03 2.37 ± 0.04

55989.354 0.2 ± 0.31 1.57 ± 0.03 1.82 ± 0.04 1.9 ± 0.03

56305.831 -0.21 ± 0.22 1.77 ± 0.02 2.14 ± 0.03 2.37 ± 0.03

56306.667 -0.28 ± 0.24 1.80 ± 0.02 2.36 ± 0.04 2.46 ± 0.03

56307.664 -0.31 ± 0.22 1.81 ± 0.02 2.39 ± 0.03 2.49 ± 0.03

56338.404 0.01 ± 0.22 1.72 ± 0.02 2.11 ± 0.03 2.19 ± 0.02

56338.866 -0.15 ± 0.23 1.63 ± 0.02 1.99 ± 0.03 2.15 ± 0.02

56353.682 -0.35 ± 0.25 1.89 ± 0.03 2.34 ± 0.05 2.63 ± 0.03

56356.624 -0.54 ± 0.24 1.74 ± 0.02 2.29 ± 0.04 2.53 ± 0.03

56489.621 -0.02 ± 0.25 2.56 ± 0.04 3.16 ± 0.06 3.29 ± 0.03

56491.763 -0.52 ± 0.21 2.25 ± 0.03 2.84 ± 0.04 3.24 ± 0.03

56492.169 -0.17 ± 0.21 2.52 ± 0.03 3.18 ± 0.04 3.35 ± 0.04

56492.767 -0.47 ± 0.21 2.34 ± 0.03 2.96 ± 0.04 3.35 ± 0.03

56524.075 -0.64 ± 0.21 2.18 ± 0.03 3.01 ± 0.04 3.25 ± 0.03

56524.873 -0.35 ± 0.21 2.4 ± 0.03 3.06 ± 0.04 3.32 ± 0.03

56525.439 -0.52 ± 0.21 2.31 ± 0.03 3.09 ± 0.04 3.34 ± 0.03

56534.686 -0.35 ± 0.25 2.29 ± 0.03 2.82 ± 0.05 3.18 ± 0.04

56541.158 -0.36 ± 0.23 2.56 ± 0.03 3.34 ± 0.05 3.56 ± 0.04

56548.071 -0.45 ± 0.23 2.83 ± 0.04 3.76 ± 0.06 4.03 ± 0.05
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Time αUV W1 M2 W2

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

56555.134 -0.3 ± 0.22 2.62 ± 0.03 3.17 ± 0.05 3.58 ± 0.04

56562.354 -0.36 ± 0.26 2.52 ± 0.04 3.34 ± 0.06 3.51 ± 0.04

56567.986 -0.83 ± 0.3 2.31 ± 0.04 3.29 ± 0.07 3.6 ± 0.05

57001.752 -0.14 ± 0.23 2.39 ± 0.03 2.98 ± 0.04 3.15 ± 0.04

57003.351 0.23 ± 0.23 2.21 ± 0.03 2.56 ± 0.04 2.66 ± 0.03

57236.838 0.22 ± 0.24 2.0 ± 0.03 2.5 ± 0.04 2.42 ± 0.03

57239.764 0.27 ± 0.25 1.95 ± 0.03 2.1 ± 0.04 2.32 ± 0.03

57245.092 -0.47 ± 0.24 2.14 ± 0.03 2.78 ± 0.04 3.07 ± 0.04

57251.608 0.09 ± 0.29 1.92 ± 0.03 2.32 ± 0.05 2.4 ± 0.03

57254.146 -0.14 ± 0.24 2.07 ± 0.03 2.48 ± 0.05 2.72 ± 0.03

57257.669 -0.1 ± 0.25 1.88 ± 0.03 2.46 ± 0.04 2.46 ± 0.03

57260.092 0.04 ± 0.24 2.02 ± 0.03 2.5 ± 0.04 2.56 ± 0.03

57263.853 0.12 ± 0.26 1.9 ± 0.03 2.28 ± 0.04 2.36 ± 0.03

57275.414 -0.23 ± 0.27 1.98 ± 0.03 2.55 ± 0.07 2.67 ± 0.04

57282.832 -0.35 ± 0.27 2.18 ± 0.03 2.85 ± 0.05 3.03 ± 0.04

57289.947 -0.48 ± 0.27 2.42 ± 0.03 3.25 ± 0.07 3.47 ± 0.05

57295.042 -0.57 ± 0.24 2.6 ± 0.03 3.37 ± 0.06 3.8 ± 0.05

57303.35 -0.22 ± 0.24 2.93 ± 0.04 3.47 ± 0.05 3.94 ± 0.05

57310.937 -0.14 ± 0.26 2.54 ± 0.04 3.15 ± 0.05 3.35 ± 0.04

57317.291 -0.39 ± 0.24 2.52 ± 0.03 3.2 ± 0.05 3.54 ± 0.04

57331.448 0.08 ± 0.24 2.11 ± 0.03 2.54 ± 0.04 2.64 ± 0.03

57338.282 -0.28 ± 0.25 2.3 ± 0.03 2.88 ± 0.05 3.15 ± 0.04

57345.446 0.07 ± 0.27 2.26 ± 0.03 2.52 ± 0.04 2.83 ± 0.04

57352.69 -0.01 ± 0.26 2.23 ± 0.03 2.77 ± 0.05 2.85 ± 0.04

57359.163 -0.27 ± 0.41 2.07 ± 0.05 2.6 ± 0.08 2.81 ± 0.06

57364.748 -0.06 ± 0.34 2.13 ± 0.03 2.59 ± 0.1 2.76 ± 0.06

57371.548 -0.22 ± 0.31 2.22 ± 0.04 2.32 ± 0.08 2.98 ± 0.05

57380.416 -0.03 ± 0.27 2.14 ± 0.03 2.61 ± 0.04 2.75 ± 0.04

58759.302 0.14 ± 0.23 1.73 ± 0.02 1.84 ± 0.03 2.14 ± 0.03

58765.143 -0.29 ± 0.29 1.87 ± 0.03 2.45 ± 0.05 2.56 ± 0.04
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.2 UV band

Time αUV W1 M2 W2

MJD 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1 10−11 ergs cm−2s−1

58774.508 -0.18 ± 0.28 2.12 ± 0.03 2.78 ± 0.05 2.82 ± 0.04

58831.707 -0.05 ± 0.24 2.60 ± 0.03 3.13 ± 0.05 3.36 ± 0.04

58838.320 -0.08 ± 0.29 2.32 ± 0.04 2.85 ± 0.06 3.01 ± 0.04

59051.708 -0.60 ± 0.33 2.53 ± 0.05 3.30 ± 0.07 3.73 ± 0.06

59059.617 -0.20 ± 0.32 2.64 ± 0.05 3.22 ± 0.07 3.52 ± 0.06

59065.325 -0.26 ± 0.34 2.25 ± 0.04 3.03 ± 0.07 3.06 ± 0.05

59644.811 -0.37 ± 0.26 2.14 ± 0.03 2.69 ± 0.05 2.99 ± 0.04

59651.343 -0.28 ± 0.26 2.24 ± 0.03 2.89 ± 0.05 3.06 ± 0.04

59786.310 -0.14 ± 0.43 2.05 ± 0.05 2.70 ± 0.07 2.71 ± 0.06

59792.276 -0.27 ± 0.31 2.17 ± 0.04 2.46 ± 0.05 2.96 ± 0.04

59818.861 0.06 ± 0.49 1.85 ± 0.05 2.41 ± 0.08 2.32 ± 0.06

59833.649 -0.26 ± 0.51 1.71 ± 0.05 2.34 ± 0.08 2.32 ± 0.06

59846.704 0.30 ± 0.43 2.13 ± 0.05 2.47 ± 0.07 2.52 ± 0.05

59882.971 0.38 ± 0.40 2.4 ± 0.05 2.55 ± 0.07 2.79 ± 0.06

59885.490 0.22 ± 0.30 2.21 ± 0.04 2.5 ± 0.05 2.67 ± 0.04

59936.702 -0.26 ± 0.28 2.55 ± 0.04 3.07 ± 0.06 3.46 ± 0.05

59937.765 0.03 ± 0.42 2.57 ± 0.06 3.08 ± 0.09 3.25 ± 0.07

59957.174 -0.08 ± 0.33 2.28 ± 0.04 3.07 ± 0.07 2.95 ± 0.05

59966.240 0.02 ± 0.40 1.97 ± 0.05 2.65 ± 0.07 2.49 ± 0.05

59968.883 0.16 ± 0.41 2.38 ± 0.06 2.63 ± 0.07 2.92 ± 0.06

59976.381 0.02 ± 0.44 2.08 ± 0.05 2.94 ± 0.08 2.64 ± 0.06

59986.446 -0.09 ± 0.30 2.09 ± 0.04 2.52 ± 0.05 2.72 ± 0.04

59981.081 0.16 ± 0.27 2.17 ± 0.03 2.63 ± 0.09 2.65 ± 0.04

59988.239 -0.32 ± 0.29 1.91 ± 0.03 2.51 ± 0.05 2.64 ± 0.04
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Table 11: Fermi LAT Flux and Photon Index

Time Γγ γ-Flux TS

MJD 10−11 ergs cm−2s−1

54783 -2.82 ± 0.27 11.67 ± 2.8 35.99

54786 -2.69 ± 0.21 15.85 ± 3.19 57.84

54832 -2.86 ± 0.34 9.41 ± 2.63 23.55

54935 -2.22 ± 0.26 11.95 ± 4.24 22.73

54938 -2.46 ± 0.23 14.15 ± 3.66 37.8

55025 -3.06 ± 0.47 7.54 ± 2.46 15.2

55400 -3.55 ± 0.68 5.78 ± 2.06 12.26

55471 -2.49 ± 0.30 10.74 ± 3.72 20.83

55543 -2.77 ± 0.27 13.57 ± 3.63 26.45

55670 -2.78 ± 0.33 7.25 ± 2.19 21.63

55679 -3.04 ± 0.53 8.14 ± 2.58 16.63

55682 -2.79 ± 0.24 16.79 ± 3.51 43.1

55694 -2.63 ± 0.31 11.59 ± 4.18 17.51

55697 -2.60 ± 0.29 13.81 ± 4.5 19.95

55715 -3.02 ± 0.64 7.11 ± 2.7 11.82

55859 -2.76 ± 0.33 11.90 ± 4.06 21.75

55862 -2.76 ± 0.28 14.45 ± 3.84 29.02

56196 -2.90 ± 0.44 4.32 ± 1.48 12.71

56269 -3.00 ± 0.33 12.37 ± 2.98 34.52

56272 -2.57 ± 0.18 26.68 ± 4.59 91.67

56278 -2.77 ± 0.29 13.57 ± 3.52 31.14

56284 -2.48 ± 0.29 11.72 ± 4.34 21.35

56287 -2.46 ± 0.16 30.34 ± 5.61 91.24

56290 -2.46 ± 0.24 16.10 ± 4.39 39.65

56293 -3.36 ± 0.56 8.63 ± 2.67 17.85

56298 -2.51 ± 0.24 13.92 ± 3.69 33.15

56304 -2.49 ± 0.33 8.86 ± 3.16 17.17

56316 -2.75 ± 0.29 11.72 ± 2.98 31.68
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Time Γγ γ-Flux TS

MJD 10−11 ergs cm−2s−1

56325 -2.85 ± 0.35 9.78 ± 3.03 20.12

56328 -3.3 ± 0.52 11.6 ± 3.04 28.38

56331 -2.74 ± 0.28 15.67 ± 4.05 34.4

56334 -2.68 ± 0.22 20.14 ± 4.48 51.49

56340 -2.87 ± 0.47 8.84 ± 3.27 13.14

56473 -2.34 ± 0.15 31.61 ± 5.26 130.86

56477 -2.69 ± 0.37 10.48 ± 3.54 17.71

56480 -2.6 ± 0.23 13.81 ± 3.16 43.66

56483 -2.66 ± 0.23 16.32 ± 3.47 49.92

56486 -2.39 ± 0.19 22.33 ± 4.96 66.31

56489 -2.7 ± 0.24 15.42 ± 3.55 48.46

56492 -3.04 ± 0.38 9.4 ± 2.8 21.42

56495 -2.76 ± 0.35 9.72 ± 3.1 19.28

56498 -2.32 ± 0.24 15.2 ± 4.59 36.15

56506 -3.07 ± 0.49 6.7 ± 2.51 12.31

56512 -2.86 ± 0.3 12.59 ± 2.98 42.35

56533 -2.64 ± 0.17 36.18 ± 4.95 160.17

56536 -2.53 ± 0.14 49.17 ± 6.36 201.16

56539 -2.62 ± 0.29 16.49 ± 4.67 22.82

56542 -2.94 ± 0.28 15.66 ± 3.54 39.63

56545 -3.54 ± 0.68 9.36 ± 2.72 19.4

56584 -2.74 ± 0.26 10.12 ± 2.47 42.21

56599 -3.02 ± 0.43 10.6 ± 3.46 14.98

56998 -2.68 ± 0.22 17.94 ± 3.53 60.28

57001 -3.09 ± 0.42 10.6 ± 2.77 34.58
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Time Γγ γ-Flux TS

MJD 10−11 ergs cm−2s−1

57007 -2.86 ± 0.33 10.83 ± 2.8 29.29

57010 -2.88 ± 0.28 13.33 ± 2.87 45.95

57013 -3.0 ± 0.39 10.19 ± 2.76 26.51

57016 -2.82 ± 0.23 19.79 ± 3.62 73.59

57022 -3.59 ± 0.62 9.72 ± 2.8 21.48

57052 -3.43 ± 0.81 6.24 ± 2.29 13.07

57093 -2.64 ± 0.33 10.64 ± 3.49 22.3

57108 -3.0 ± 0.39 14.0 ± 4.49 22.65

57111 -3.59 ± 1.01 8.8 ± 2.69 18.93

57119 -3.07 ± 0.4 9.33 ± 2.51 24.95

57185 -3.98 ± 1.02 8.18 ± 2.92 11.34

57188 -3.23 ± 0.42 9.27 ± 3.11 14.66

57203 -2.76 ± 0.3 10.68 ± 3.03 24.78

57305 -2.9 ± 0.46 8.89 ± 2.94 16.35

57308 -3.43 ± 0.66 6.87 ± 2.37 13.08

57326 -2.67 ± 0.27 12.47 ± 3.29 33.53

57328 -3.32 ± 0.61 6.45 ± 2.2 13.95

57521 -4.06 ± 2.22 7.1 ± 2.26 16.48

57733 -2.83 ± 0.39 6.84 ± 2.5 13.69

57774 -3.94 ± 1.09 6.51 ± 2.14 14.31

58366 -2.93 ± 0.47 5.45 ± 1.96 14.42

58447 -2.89 ± 0.34 6.97 ± 2.04 20.18

58781 -2.68 ± 0.34 10.6 ± 3.93 15.0

58789 -2.45 ± 0.21 19.8 ± 4.2 64.78

59890 -2.88 ± 0.45 8.2 ± 3.08 11.91
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